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«»**•  iplMn,  thymus,  adrenals  sad  mesenteric  spreads.  Cellular  DU  cad 
protein  levels  were  essayed  using  asura  B-KHA  sad  Coomassie-procain  cyto- 
photometer;  DMA  sad  chromatin  alterations  vara  quantified  using  Feulgsn-DtiA 
cytophotomatry  and  ocular  filar  micrometry.  Correlative  biochemical  data 
mare  obtained  oa  changes  la  circulating  histamine  sad  corticosterone  levels. 

In  vitro  stadias  vara  also  conducted  of  nucleic  acld-proteln  responses  of 
cultured  endothelial  cells  subjected  to  T-2  toxin  ualng  pyronln  I-f luorescsnce , 
flow  cytofluoraewtry.  esure  B-RMA  cytophotometry  sad  cytointerferomatrlc  assay 
of  protein.  Major  findings  supported  by  the  overall  study  are  as  follows: 

(1)  loth*^  vivo  and  In  vitro  studies  indicate  tbs  artarlovascular 
aadothallal  call  la  highly  susceptible  to  T-2  toxin- indue ad  cytotoxicity. 
Indothellal  call  injury  thus  constitutes  the  initial  event  which  precipitates 
subsequent  pathogenic  affects  In  aajor  target  sltss  of  T-2  toxin  action. 

(2)  The  heart  and  intestine  constitute  major  target  sites  of  acuta  T-2  toxin 
poisoning.  Specific  eardlotoxlc  manifestations  Include  endothelial  dis¬ 
ruption.  edana  and  depletion  of  myocardial  protein  content.  Major  aaterotoxic 
affects  include  edana  and  lesion  formation  la  germinal  canters  of  Payers  patches 
and  disruption  of  crypt  epithelium. 

(3)  Although  the  kidney  sad  liver  of  T-2  toxin  challenged  rats  exhibit 
moderate  extents  of  cellular  injury,  these  appear  to  be  less  prone  to  Injury 
than  cardiovascular ,  enteric  or  hemopoietic  tissue  compartments. 

(A)  Massive  degreaulatlon  of  meet  calls  and  elevated  plasma  histamine  levels 
are  an  Important  aspect  of  T-2  toxin  poisoning  sad  probably  exacerbate  the 
extent  of  toxin- indue ad  impairment  la  cardiovascular  functioning.  The  absence 
of  a  toxin-induced  elevation  in  corticosterone  relaxes  may  also  be  a  contributing 
factor  la  making  vascular  endothelial  cell  membranes  more  prone  to  Injury. 

(3)  With  respect  to  lamuaotoxlc  effects  of  T-2  toxin.  It  appears  that 
B-dapendaat  lympholdal  compartments  are  more  severely  affected  then  T-dependent 
regions.  This  suggests  that  a  suppression  of  humoral  (antigen- antibody)  defense 
mechanisms  la  more  severe  than  impairment  of  cell  mediated  lymphocytic  immune 

responses. 

(6)  la  moat  major  and  secondary  target  sitae,  inhibition  of  protein  synthesis 
la  the  primary  cellular  mechanism  of  T-2  toxicant  action,  since  the  extant  of 
protein  depletion  is  more  severe  and  often  precedes  suppression  of  RXA  synthesis 
and/or  the  inhibition  of  chromatin  template  activity.  However,  in  soma  cells 
such  as  the  nest  cells  sad  artsrlal  endothelial  cells,  cytotoxic  effects  of 
T-2  toxin  probably  stem  from  direct  injury  to  the  plasna  membrane. 
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SUMMARY 


Cytophoeoaatrie  analyses  were  aada  of  nucleic  acid-protein 
responses  in  known  and  pucaeiva  Car gat  ciasuas  of  adult  male 
Sprague -Davley  rata  Injacted  intraparitonaally  with  T-2  toxin,  a  small 
molecular  waight  trichothacana  mycotoxin  at  doaagaa  of  0.75,  1.0,  1.5 
and  6.0  mg/kg  (1  LDj0  -  0.9  mg/kg).  Aniaala  wara  dacapitatad  during 
acuta  (2*8  h)  or  dalayad  (7-28  d)  intarvala  aftar  axpoaura.  Tisauaa 
raaovad  and  procaaaad  for  subsequent  aicrochaaical  and  cytonorphological 
analyaaa  included  the  heart,  cacua,  liver,  kidney,  lunga,  spleen, 
thyaua,  adrenals  and  mesenteric  apraada.  Cellular  RNA  and  protein 
lavala  wara  aaaayad  using  azure  B-RMA  and  Cooaaaaia-protain 
cytopho tone try ;  DMA  and  chroaatin  alterations  wara  quantified  using 
Feulgen-DNA  cytophotoaatry  and  ocular  filar  micrometry.  Correlative 
biochaaical  data  wara  obtained  on  changes  in  circulating  histamine  and 
corticosterone  levels.  In  vitro  studies  were  also  conducted  of  nucleic 
acid-protein  responses  of  cultured  endothelial  calls  subjected  to  T-2 
toxin  using  pyronin  Y- fluorescence ,  flow  cytofluoroaetry,  azure  B-RNA 
cytophotoaatry  and  cytointarfaroaetric  assay  of  protein.  Major  findings 
supported  by  the  overall  study  ara  as  follows: 

(1)  Both  in  vivo  and  in  vitro  studies  indicate  the  arteriovascular 
endothelial  cell  is  highly  susceptible  to  T-2  toxin  induced 
cytotoxicity.  Endothelial  cell  injury  thus  constitutes  the  initial 
event  which  precipitates  subsequent  pathogenic  effects  in  major  target 
sites  of  T-2  toxin  action. 

(2)  The  heart  and  intestine  constitute  major  target  sites  of  scute  T-2 
toxin  poisoning.  Specific  cardiotoxic  manifestations  include 
endothelial  disruption,  edema  and  depletion  of  myocardial  protein 
content.  Major  enterotoxic  effects  Include  edema  and  lesion  formation 
in  germinal  centers  of  Peyers  patches  and  disruption  of  crypt  epithelium. 

(3)  Although  Che  kidney  and  liver  of  T-2  toxin  challenged  rats  exhibit 
moderate  extents  of  cellular  Injury,  these  appear  to  be  less  prone  to 
injury  than  cardiovascular,  enteric  or  hemopoietic  tissue  compartments. 

(A)  Massive  degranulation  of  mast  cells  and  elevated  plasma  histamine 
levels  are  an  important  aspect  of  T-2  toxin  poisoning  and  probably 
exacerbate  the  extent  of  toxin- Induced  impairment  in  cardiovascular 
functioning.  The  absence  of  a  toxin- induced  elevation  in  corticosterone 
release  may  also  be  a  contributing  factor  in  making  vascular  endothelial 
call  membranes  more  prone  to  injury. 

(5)  Ulth  respect  to  immunotoxic  effects  of  T-2  toxin,  it  appears  that 
B-dependent  lymphoidai  compartments  are  more  severely  affectad  chan  T- 
dependent  regions.  This  suggests  that  a  suppression  of  humoral 
(antigen-antibody)  defense  mechanisms  is  more  severe  than  impairment  of 
cell  mediated  lymphocytic  immune  responses. 
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(6)  In  Host  aajor  and  secondary  target  sites,  inhibition  of  protein 
synthesis  is  the  primary  cellular  mechanism  of  T-2  toxicant  action, 
since  the  extent  of  protein  depletion  is  nore  severe  and  often  precedes 
suppression  of  SNA  synthesis  and/or  the  Inhibition  of  chromatin  template 
activity.  However,  in  soae  cells  such  as  the  aaat  cells  and  arterial 
endothelial  cells,  cytotoxic  effects  of  T-2  toxin  probably  stea  from 
direct  injury  to  the  plasaa  membrane. 
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BODY  OF  REPORT 


(i)  Statement  of  the  Problem 

Ic  is  wall  documented  that  trichothecenes ,  including  T-2 
coxint,  slicit  s  divers*  array  of  pathological  responses  in 
cardiovascular,  haaopoiatic,  gastrointestinal,  neural,  endocrine  and 
reproductive  tissue  compartments .  The  isost  severe  cytotoxic  alterations 
occur  in  tissues  with  actively  dividing  calls  and  reportedly  stem  froa 
an  inhibition  of  protein  synthesis.  Hovaver,  large  gaps  exist  in  our 
understanding  of  priaary  versus  secondary  target  sites  of  intoxication 
and  the  tlae-course  of  pathogenesis  in  such  coapartaents .  Especially 
lacking  are  in  vivo  studies  of  T-2  toxin- Induced  cardiotoxlc  alterations 
in  relation  to  iapairaents  in  furetionlng  of  other  hoaeostatic  organ 
systeas  within  the  saae  animal . 

Thus,  a  aajor  focus  of  the  present  study  was  on  characterizing 
T-2  toxin  induced  alterations  in  regulatory  aspects  of  aacromolecular 
biosynthesis  in  cardiovascular  cell  elements  using  in  vivo  and  in  vitro 
modal  systeas.  Correlative  in  vivo  studies  were  also  undertaken  of 
nucleic  acid-protein  changes  in  neural,  adrenocortical,  hepatic. 
Intestinal  and  other  tissue  coapartaents  to  obtain  a  aore  comprehensive 
assessment  of  the  overall  systemic  organ- system  responses  associated 
with  acute  and  delayed  T-2  toxin  poisoning. 

The  scop*  of  work  and  specific  objectives  involved  the 

following: 

1.  Quantification  of  chromatin,  RNAt  and  protein  changes  in 
myocardial  cell  elements  following  both  in  vivo  and  in  vitro  T-2  toxin 
exposure.  The  aia  of  this  phase  of  work  was  to  determine  whether  the 
heart  constitutes  a  priaary  target  site  of  T-2  toxin  action;  also  to 
identify  specific  cell  types  prone  to  injury  and  obtain  insight  relating 
to  the  cellular  mode  of  action. 

2.  Characterization  of  dose -dependent  cytopathic  and  nucleic  acid- 
protein  changes  in  brain,  liver,  kidney,  intestinal  and  adrenal  tissue 
compartments.  The  aim  of  this  phase  of  the  study  was  to  ascertain  the 
minimum  effective  dosages  of  T-2  toxin  which  elicit  acute  or  subacute 
cytomorphologic  or  biochemical  (e.g.  RNA-protein  depletion)  lesions  in 
putative  target  sites  of  toxicant  action. 

3.  Supplemental  data  were  also  collected  on  overt  behavioral 
responses,  circulating  corticosterone  and  histamine  levels,  mesenteric 
mast  cell  degranulation  and  physiological  parameters  such  as  blood 
pressure  to  further  elucidate  the  systemic  and  cellular  mechanisms  which 
precipitate  cardiovascular  shock. 


f Terms  followed  by  daggers  are  defined  in  the  Glossary,  p  67 
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The  major  analytical  approach  antallad  uaa  of  scanning-integrating 
microchemical  cytophotometric  assay  of  chromatin,  DNAf,  RHA  and  protsin 
changes  in  nicroscopically  defined  regions  of  various  tissues.  Since  the 
histocheaical  aethods  are  non*  disruptive,  the  nucleic  sc  id-protein 
responses  could  be  related  to  cytomorpho logic  manifestations  of 
cytopathology.  Also,  removal  of  various  representative  tlssoaa  from 
each  animal ,  enabled  the  evaluation  of  cardiovascular  responses  in 
relation  to  the  pathophysiological  state  of  other  organ  systems 
within  the  ease  individual  sniaal.  In  effect,  the  analytical 
approach  used  constitutes  a  "within  sniaal  assay"  of  nucleic  acid 
response  patterns  where  each  rat  serves  as  its  own  control  with 
respect  to  analyses  and  interpretations  of  organ*systea  interactions 
following  acuta  intoxication. 

(2)  Background 

Current  concepts  of  the  physiopharnacological  aods  of 
toxicant  action  of  trichothecane  aycotoxins  all  implicate  a  direct 
binding  to  and  Interference  with  the  synthesis  of  aacroaolecules . 

For  example,  it  has  been  postulated  that  the  inhibition  of  peptide 
synthesis  stems  in  large  part  from  an  impairment  in  both  the 
initiation  and  termination  reactions  of  the  ribosomal-protein 
synthetic  cycle  (1,2).  Trichothecenes  also  inhibit  DMA  synthesis.and 
there  have  been  sporadic  reports  that  mycotoxina  may  exert  mutagenic 
affects;  however,  vary  little  detailed  information  la  currently 
available  regarding  the  mechanism  involved  in  suppression  of  DNA 
synthesis  or  on  the  potential  mutagenicity  of  aycotoxins  in  vivo. 

It  should  be  noted  that  to  date  most  of  the  information 
relating  to  purported  modes  of  action  of  aycotoxins  at  the  cellular 
level  is  based  on  in  vitro  modal  systems.  In  vitro  cultures  of 
eukaryotic  cell  systems  have  received  extensive  use  and  have  proven 
especially  valuable  in  screening  of  toxin  producing  fungi, 
fractionation  of  toxicants  from  fungal  metabolites  and  evaluation  of 
comparative  toxicities  of  chemically  related  analogues.  On  the  other 
hand,  the  in  vitro  approach  has  not  proven  as  fruitful  in  yielding 
precise  information  which  can  be  extrapolated  to  the  in  viva  state, 

1.0-,  providing  predictive  data  relating  to  the  sequence  of  metabolic 
and  cytopathic  responses  of  the  intact  organism  to  T-2  toxin.  The 
reason  for  this  is  clear.  In  in  vitro  systems,  toxicity  is  limited 
solely  by  membrane  solubility  of  the  oycotoxin  and  the  susceptibility 
of  the  cultured  cells.  Factors  such  as  detoxification  or 
biotransformation  into  more  highly  toxic  forms,  regional  and  systemic 
variations  in  delivery  of  toxic  metabolites,  and  compensatory 
metabolic  responses  occurring  at  cellular  or  organismal  levels  can 
only  be  studied  using  in  vivo  approaches.  At  present,  however,  very 
scant  information  is  available  regarding  in  vivo  metabolic  and 
cytopathic  responses  of  various  organ  systems  of  T-2  toxin. 

Within  the  past  several  years,  a  number  of  expSriaents  were 
conducted  in  our  laboratories  involving  in  vivo  studies  of  metabolic 
responses  of  various  tissues  of  rats  exposed  to  the 
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trichothecene  T-2  toxin.  The  central  obj active  of  thaaa  atudlaa  vaa  to 
obtain  more  dafinitiva  Information  ralating  to  acuta  T-2  toxin- inducad 
changes  in  DMA,  SNA,  and  protain  metabolism  in  cardlovaacular , 
heaopoietic,  gaatrointaatinal ,  hepatic,  renal  and  neural  tiaaue 
compartments.  Specific  aims  of  these  feasibility  atudiea  were  to: 

1)  chararacterize  in  more  detail  the  praciae  nature  of  alterations  in 
transcriptional- translational  capabilities  of  various  organ- systems  in 
vivo:  2)  identify  specific  cell  types  undergoing  metabolic 
transformation  and  incipient  degeneration;  and  3)  relate  dose-dependent 
metabolic  responses  to  cytopathic  or  overt  manifestations  of  toxicity. 

In  addition  to  documenting  the  feasibility  of  using 
microscopic  cytophotometric  procedures  in  toxicological  studios  of  the 
cellular  mode  of  action  T-2  toxin,  evidence  was  obtained  supporting  the 
existence  of  injury  to  both  nuclear  and  cytoplasmic  (ribosomal) 
components  of  myocardial  cells. 

Although  there  have  been  numerous  reports  relating  to  systemic 
effects  of  T-2  toxin  and  other  trichothecenes,  most  of  these  simply 
document  the  presence  of  lesions  or  histopathological  alterations  in 
various  organs.  No  studies  were  found  which  involved  use  of  qualitative 
and/or  quantitative  histochemical  analyses  of  nucleic  acid-protein 
response  patterns  in  various  target  sites  of  T-2  toxicant  action.  Also, 
the  nature  and  time-course  of  acute  and  subacute  effects  of  T-2  toxin  on 
such  organs  as  the  heart,  liver,  kidney  and  brain  are  poorly  documented 
(3). 

It  is  generally  conceded  that  irrespective  of  route  of 
administration  (oral,  topical,  parenteral),  T-2  toxin  is  rapidly 
disseminated  throughout  the  body  with  highest  concentrations  found  in 
the  liver  and  kidney  within  hours  after  toxin  challenge.  Most  workers 
also  are  in  agreement  that  in  vivo  as  in  vitro  the  initial  biochemical 
lesion  is  an  inhibition  of  cellular  protein  synthesis  involving  T-2 
toxin  binding  to  ribosomes  and  blockage  of  peptidyl  transferase 
activity,  the  key  step  Involved  in  the  initiation  phase  of  protein 
synthesis  (1,2).  The  widespread  toxic  effects  observed  in  vivo, 
including  necrosis  in  enteric,  hepatic  and  other  body  compartments  are 
presumed  to  be  directly  related  to  T-2  toxin  inhibition  of  protein 
synthesis  and  subsequent  impairment  in  RNA  synthesis.  However, 
supportive  evidence  that  this  is  what  occurs  in  vivo  is  lacking  since, 
to  date,  most  studies  focusing  on  the  cellular  mode  of  trichothecene 
toxin  action  have  involved  use  of  cell  culture  model  systems. 

In  view  of  the  foregoing  considerations,  the  research 
described  in  the  present  report  was  designed  to  obtain  more  definitive 
confirmation  that  In  vivo  as  in  vitro  the  primary  biochemical  lesion 
underlying  cytotoxic  and  lethal  actions  of  T-2  toxin  is  an  impairment  in 
regulatory  aspects  of  protein  and  nucleic  acid  biosynthesis.  An  equally 
important  aspect  of  the  experimental  design  focused  on  quantification  of 
nucleic-protein  response  patterns  in  several  putative  organs  (i.e., 
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brain,  heart,  livar  and  adrenal  glands)  which  have  not  been  extensively 
studied  by  previous  vorksrs. 

(3)  Rationale  Used  in  Currant  Study 

A  major  impetus  for  initiating  the  current  study  was  the 
availability  of  requisite  instrumentation  and  capability  for  quantifying 
nucleic  acid-protein  responses  in  several  vital  organ-system 
compartments  in  animals  treated  with  T-2  toxin.  This  approach  thus 
enabled  the  testing  of  several  hypotheses  relating  to  the  cellular  mode 
of  action  of  T-2  toxin. 

For  example,  one  hypothesis  holds  that  in  vivo  as  in  vitro  the 
initlsl  biochemical  event  which  precipitates  cytotoxicity  Is  an 
inhibition  of  prbtein  synthesis  and  RKA  depletion  in  a  secondary  effect 
resulting  from  an  impairment  in  regulatory  mechanisms  of  macromolecular 
metabolism.  The  research  strategy  used  to  test  this  hypothesis,  and 
also  to  identify  primary  versus  secondary  target  sites  of  T-2  toxin 
action,  entailed  use  of  cytophotometrlc  measures  of  DNA,  SKA  and  protein 
response  psttems  in  various  tissue  compartments.  Evidence  is  presented 
chat  supports  this  hypothesis,  at  leaat  with  respect  to  target  sites 
such  as  the  heart. 

A  second  hypothesis  formulated  at  the  onset  of  the  research 
was  that  an  important  aspect  of  acute  T-2  toxin  poisoning-  involves  the 
release  of  vasoactive  substances  such  as  histamine,  thereby  contributing 
to  vasodilatation,  hypotension  and  blood  stasis.  This  also  was 
validated  by  cytophotometrlc  analyses  cf  mesenteric  mast  cell 
granulation  and  biochemical  assay  of  circulating  plasma  histamine 
concentration;  both  responses  proved  to  be  dose -dependent  in  T-2  toxin 
created  rats  . 

Selection  of  the  specific  cytochemical  nuclalc  acid  probes 
which  were  used,  i.e.,  Feulgen-DNAt ,  and  azure  B-RNAt,  was  based  on  the 
fact  that  these  have  been  extensively  validated  and  widely  used  in  a 
variety  of  studies  of  transcriptional- translational  aspects  of  metabolic 
alceratlons  associated  with  normal  developmental  as  well  as  various 
disease  processes  (4,5).  Scanning- integrating  microdensitomecryt  was 
adopted  as  the  major  analytical  method  since  this  constitutes  among  the 
most  sensitive  techniques  currently  available  for  quantification  of 
alterations  (in  picogram  or  femtogram  levels)  of  organic  constituents  on 
an  individual  cell  basis  with  no  disruption  of  the  histomorphological 
integrity  of  tissues  being  analyzed. 

Parallel  microchemical  analysis  of  T-2  toxin  induced 
alceratlons  in  nucleic  acids  in  relation  to  morphological  manifestations 
of  histopachology  is  especially  useful  for  several  reasons.  It  allows 
comparisons  to  be  made  of  the  time  course  of  biosynthesis  of 
macromolecules  at  the  cellular  level  in  relation  to  vascular  injury 
mediated- inflammatory  responses  within  various  target  tissue 
compartments  in  the  same  animal.  Furthermore,  it  permits  more 
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meaningful  interpretations  relating  to  the  cellular  node  of  toxin  action 
in  precipitating  impairments  in  regulatory  aspects  of  DNA- template 
and/or  ribosomal 'protein  synthetic  activities  in  relation  to  vascular 
injury  mediated- inflaasatory  reactions. 

An  equally  important  reason  for  undertaking  the  present  study 
was  the  recognition  that  there  is  no  specific  prophylaxis  or  therapy  of 
trichothecana  poisoning  which  is  affective.  This  stems  in  large  part 
from  the  multi-organ  pathology  which  occurs  with  trichothecana 
intoxication  and  insufficient  information  <»n  primary  versus  secondary 
target  sites  of  toxicant  action.  It  was  fait  that  the  use  of 
microchemical  probes  in  assessing  the  severity  of  T-2  toxin-induced 
impairment  in  macromolecular  synthesis  in  known  and  putative  target 
sites  would  provide  useful  information  relating  to  systemic  changes 
which  ultimately  precipitate  cardiovascular  shock.  Such  information  is 
essential  for  rational  decision  making  in  the  development  of  appropriate 
drugs  for  enhanced  protection  beyond  that  provided  by  current  methods  of 
medical  defnese  against  trichothecana  toxic  agents. 

(4)  Experimental  Methods 

Adult  male  Sprague -Dawley  rats  (Hilltop  Labs)  weighing  200-220 
g  were  used  for  in  vivo  studies  of  acute  (8-12  h)  and  delayed  (1  to  3 
wks)  effects  of  a  single  intraperltoneally  (ip)t  administered  Injection 
of  purified  T-2  toxin  (Sigma).  A  total  of  240  rats  was  used  in  six 
separata  experimental  runs  focusing  on  quantitative  nucleic  acid-protein 
responses  in  cardiovascular,  neural,  hepatic,  lymphoidal  and  enteric 
tissue  compartments.  A  wioe  range  of  dosages  was  used,  i. a.,  sub lethal 
(0.5-0.75  mg/kg),  near-lethal  (0.9-1. 5  mg/kg)  and  lethal  (6  mg/kg)  doses 
prepared  in  ethanol  and  injected  in  a  final  volume  of  0.5  ml/k&  body 
weight;  the  L&jot  dos*  was  predetermined  to  be  0.9  mg/kg  by  body 
weight.  Specific  doses,  numbers  of  animals  in  different  treatment 
groups  are  presented  in  appropriate  tables  in  the  Results  section  for 
various  tissues  which,  were  analyzed. 

In  all  experiments,  an  assembly  line  procedure  involving 
participation  of  6-8  individuals  was  employed  to  expedite  removal  and 
fixation  of  tissues  immediately  after  decapitation,  l.e.,  within  three 
min.  of  the  designated  kill  time.  Basically,  the  tissue  processing  and 
staining  protocol  was  as  follows: 

Rats  were  killed  by  decapitation  at  designated  times  and 
various  tissues  removed,  cut  into  smaller  pieces  and  fixed  in  10% 
neutral  buffered  formalin  at  4C  for  24  h;  these  were  paraffin  processed 
and  serially  sectioned  usipg  a  calibrated  microtome.  The  following 
tissues  were  obtained  from  5-6  representative  rats  per  treatment  group: 
heart,  brain,  spleen,  thymus,  small  intestine,  cecum,  liver,  kidney, 
adrenal  and  mesentery. 

Several  types  of  staining  procedures  were  used:  1) 
conventional  differential  staining  using  hematoxylin- eos in  (H  &  E)t 
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Papanicolaou  or  Hallory  crip  la  stain  for  analyses  of  cytoaorphological 
alearatlona;  2)  analytical  stoichiometric  staining  for  subsequent 
quantification  of  aacroao locular  changes,  i.e.,  the  Foul  gen  nucleal 
reactiont  for  chroaatin  and  DMA  changes  (6,7);  the  azure  B  reaction  for 
RNA  (8,9);  and  the  Coomassie  brilliant  bluet  reaction  for  total  protein 
(9, 1C, 11).  Specificity  of  nucleic  acid  staining  was  confined  using 
control  sections  treated  with  DNase t  with  and  without  BNaset  prior  to 
azure  B-RNA  or  Feulgen  DHA  staining. 

Cy top ho tone trie  analyses  of  cellular  chrouatin,  SNA  and 
protein  content  in  known  and  putative  target  sites  of  T2  toxicant 
action  were  made  using  a  Vickers  M85a  scanning* integrating 
microdenai tome ter  (Vickers  Instruments ,  Malden,  MA)  as  described 
previously  (7,9).  A  variable  field  delimiting  mask  aperture  was  used 
to  isolate  and  delimit  individual  cells  being  analyzed.  Measurements 
were  made  at  a  magnification  of  1000X  at  the  ,  absorption  maximum  of 
Feulgen- DMA  (540  nm) ,  azure  B-RNA  (580  nm)  or  Coomassle  protein  (595 
nm) .  It  was  ascertained  that  the  extent  of  error  in  nucleic 
acid- protein  measureoents  attributable  to  differences  in  section 
thickness  (<2%)  or  instrument  performance  (<lt)  is  negligible  relative 
to  the  normal  extent  of  intercellular  variability  (ca.  20-30%)  in 
levels  of  RNA  and  protein  in  tissues  under  analysis. . 

Correlative  data  were  also  obtained  on  dose -dependent 
alterations  in  circulating  plasma  histamine  levels  in  T-2  toxin  treated 
rats  at  8  h  post -injection  using  the  enzymatic- Isotopic  aicroassay  of 
Taylor  and  Snyder  (12)  as  modified  by  Shaff  and  Beaven  (13).  Briefly, 
this  histamine  assay  is  based  on  the  methylation  of  histamine  by  added 
histamine  methyl -transferase  (MMT)  and  [3H] -labelled 
S-adenosyl-L-methionine,  [ 3 H ] SAMe  (New  England  Nuclear) ,  in  the 
presence  of  cofactor  pyridoxyl-5' -phosphate  (Sigma).  Because  the 
methylation  of  tissue  histamine  to  N-aethylhistamlne  is  uniform,  one 
can  readily  measure  nano gram  levels  of  histamine  aftor  separation  of 
Che  [3H]  me thy lhis Canine  from  [3H]SAMe  by  extraction  into  a  20%  isoanyl 
alcohol/80%  toluene  mixture,  adding  Che  extract  to  scintillation  vials 
with  Formula  963  (New  England  Nuclear)  and  counting  using  a  liquid 
scintillation  counter  (Trl-Carb  406C,  Packard  Inscr.  Co.,  Downers 
Grove,  IL) .  Similar  enzymatic -isotopic  analyses  of  histamine  levels 
were  made  using  homogenates  of  lung  and  cecum  tissue. 

To  obtain  an  independent  assessment  of  T-2  toxin  Induced 
mobilization  of  vasoactive  substances  and  relate  this  to  plasma 
histamine  levels,  quantitative  analyses  of  mesenteric  mast  cell 
degranulacion  were  undertaken.  This  entailed  use  of  metachromatict 
staining  of  mesenteric  spreads  affixed  to  slides  and  Che 
cytophotometrlc  assay  of  Kelly  and  Bloom  (14,15)  to  determine  the 
extent  to  which  the  release  of  aucacoidst  by  mast  cells  in  loose 
connective  tissue  compartments  follows  a  dose -dependent  response 
pattern  during  acute  T-2  toxin  exposure. 
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Several  in  vitro  experiments  were  also  conducted  using 
cultured  bovine  aortic  endothelial  cells  (BAEC)t  and  smooth  muscle  cells 
(SHC)t  exposed  to  T-2  toxin.  The  major  focus  of  this  facet  of  the 
overall  study  was  to  investigate  the  effects  of  T-2  toxin  on  RNA  levels 
of  BAEC  using  the  pyronin  Y-RNA  flow  cytofluorescence  assay  described  by 
Shapiro  (16).  Briefly,  this  entailed  the  following  methodology: 

Endothelial  calls  were  Isolated  from  the  thoracic  aorta  of 
mature  bovine  females.  Aortas  were  aseptically  excised  from  the  animal 
immediately  following  slaughter,  placed  in  ice-cold  sterile  Hank's 
Balanced  Salt  Solution  (HBSS,  Flow  Laboratories,  KcLean,  VA)  with  100 
U/ml  penicillin-streptomycin  (Flow  Laboratories).  After  a  rinse  in 
sterile  HBSS,  the  aortas  were  cleaned  of  adventitia  and  given  a  final 
rinss  in  calcium-  and  magnesium- free  HBSS.  One  end  of  the  aortic 
segment  was  clamped  with  large  hemostats;  the  intercostal*  were  closed 
with  sterile  seraphinds.  A  volume  of  0.1%  collagenase-dispase 
(Boehringer-Haxmhelm  Biochemicals ,  Indianapolis,  IN)  and  0.15%  trypsin 
(Sigma  Chemical  Company,  St.  Louis,  KO)  in  calcium-  and  magnesium- free 
HBSS  sufficient  to  fill  the  lumenal  space  was  pipetted  through  the  open 
end  of  the  aortic  segment.  The  closed  aorta  was  incubated  for 
approximately  15  minutes  at  37 *C  in  5%  COj  and  agitated  by  gentle 
rolling  during  this  period.  The  aorta  was  opened  and  the  resultant  cell 
suspension  was  pipetted  in  10  ml  aliquots  to  15  ml  centrifuge  tubes 
containing  5  ml  Minimum  Essantial  Medium  (MEM,  Flow  Laboratories) 
supplemented  with  10%  fetal  bovine  serum  (Sterile  Systems,  Logan,  UT)  to 
Inhibit  further  proteolytic  activity.  Each  tube  was  centrifuged  for  5 
minutes,  the  supernatant  discarded,  the  pellet  resuspended  in  the  serum- 
supplemented  MEM  and  plated  at  50,000  cells/ml  in  75  cm2  tissue  culture 
flasks  (Costar,  Cambridge,  MA) .  Cultures  were  then  incubated  with  5% 

C0j  in  air  and  grown  to  confluency. 

Bovine  aortic  smooth  muscle  cells  were  the  generous  gift  of 
Drs.  Patricia  D'Amore  and  Alicia  Orlidge  of  Children’s  Hospital,  Boston. 

Endothelial  and  smooth  muscle  cells  were  plated  at  a  seeding 
density  of  20,000  cells/cm2  in  25  cm2  tissue  culture  flasks  and  grown  In 
MEM  supplemented  with  10%  serum.  Cultures  of  both  cell  types  were  grown 
to  an  approximately  confluent  state  at  which  point  test  reagents  were 
added  to  the  culture  medium. 

Pyronin  Yt  staining  and  flow  cytometric  analysis  were 
conducted  using  the  method  described  by  Shapiro  (16).  Briefly,  cells 
were  removed  from  the  culture  vessel  by  treatment  with  0.15%  trypsin  in 
HBSS,  washed,  suspended  in  1  ml  MEM,  and  fixed  with  the  dropwise 
addition  of  100%  ethanol  in  equal  volume.  Fixed  cells  were  then  washed 
and  resuspended  in  HBSS.  Appropriate  samples  were  created  for  30  min  at 
37*C  with  6.25  U/ml  RNase  (Boehringer-Mannheim) .  Pyronin  Y  at  a  final 
concentration  of  5  uM  was  Chen  added  to  ali  samples  which  were  kept  on 
ice  for  45  minutes  before  flow  cytometry. 
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Statistical  analyses  of  data  vara  performed  using  analysis 
of  varianca  (ANOVA) ,  Duncan' s  multiple  ranga  cast  and  tha 
heterogeneous  x2  Case.  Whan  tha  ANOVA  F-tast  ravaalad  significant 
diffarancas  batvaan  group  means,  tha  data  vara  further  analyzed 
using  Duncan's  case.  In  addition,  individual  SKA  and  procain  values 
vara  examined  in  conventional  frequency  distribution  profile  fora. 
Hiseograas  vara  constructed  to  demonstrate  tha  frequency  occurrence 
of  neurons  containing  lov,  aodarata  and  high  SKA  and  protein  levels, 
vith  tha  aodarata  category  arbitrarily  designated  as  that  portion  of 
tha  neuronal  population  where  individual  RHA  and  protein  values  fall 
vithin  tha  ranga  of  ethanol *control  naan  ±1.0  standard  deviation; 
lov  and  high  SNA  and  protein  categories  thus  represent  neurons  vith 
■aeasured  values  for  those  cytocheaical  parameters  which  vara  lass  or 
greater  than  one  deviation  froa  tha  respective  control  naan  value. 
Differences  among  distribution  profiles  vara  than  compared  using  tha 
heterogeneous  x2  cast.  In  all  analyses,  probabilities  of  5%  vere 
interpreted  as  statistically  significant. 

(5)  Results 

To  facilitate  presentation,  the  overall  results  froa 
various  subprojects  are  summarized  under  four  headings  entitled:  I.' 
Cardiovascular  Effects  of  T-2  Toxin;  II.  Neurotoxic  Effects  of  T-2 
Toxin;  and  III.  Other  Systemic  Effects  of  T-2  Toxin.  Also,  in 
instances  vhere  data  have  been  published  or  are  in  press,  brief 
summaries  of  major  findings  and  conclusions  are  presented  vith 
appropriate  references  to  specific  publications  containing 
supportive  documentation. 

I.  Cardiovascular  Effects  of  T-2  Toxin 

1.  Overt  and  Hicroscoplc  Manifestations  of  Cardlotoxlclty 

A  consistent  feature  of  acute  T-2  toxin  poisoning  at 
necropsy  was  a  prominent  venous  congestion  in  visceral  organs  and 
mesenteries  in  rats  sacrificed  at  8  h  post-injection.  As 
anticipated,  the  extent  of  congestion  was  more  severe  in  the  higher 
dosage  treatment  groups  (l.S  and  6  mg/kg).  In  the  $  mg/kg  group 
rats  were  killed  when  they  shoved  signs  of  respiratory  collapse  and 
impending  death  (5-6  h) ;  these  typically  exhibited  gross  hemorrhagic 
ulcerations  on  the  serosal  surface  of  the  small  and  large  Intestine 
and  blood  in  the  intestinal  lumen.  Several  rats  receiving  lethal 
doses  of  T-2  toxin  also  exhibited  focal  hemorrhages  in  the  heart  and 
lung. 
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Microscopic  analysis  of  differentially  stainad  myocardial  sactions 
revealed  tha  prasanca  of  intarscitial  edema  notably  in  tha  andocardial 
ragion.  This  was  manifested  in  a  separation  of  muscle  lasciclea  and  a 
widening  of  tha  subandothalial  compartment  by  daar  acellular  spaces. 

Tha  extent  of  oyocardial  adaaa  was  aost  severe  in  rats  exposed  to  tha 
.  highest  dosage  (6  ag/lcg)  and  was  associated  with  focal  regions  of 
sarcolysis,  i.a.,  reduced  basophilict  staining  and  "cloudy  swelling" 
appearance  of  sarcoplasa.  There  was  no  evidence  of  lynphocytic 
infiltration  into  the  interstitial  coapartaent.  Coronary  blood  vessels 
were  typically  engorged  with  a  widening  of  adventitial  spaces;  again 
this  was  most  severs  in  the  higher  dosage  groups  indicative  of 
endothelial  injury,  increased  permeability  and  extravasation  of  plasma 
into  the  interstitiua.  In  rata  given  a  0.9  LDj0  dose  which  were  killed 
seven  days  later,  Mallory  stained  sections  revealed  an  hyperchromaticity 
of  muscle  fascicles  bordering  the  tunica  intima;  however,  the  extent  of 
interstitial  edema  was  less  pronounced  than  was  observed  during  the 
acute  (8  h)  post- Injection  interval  in  rats  injected  with  near-lethal 
(1.0-1. 5  LDjq)  doses  of  T-2  toxin.  Nuclear  manifestations  of 
cardlotoxicity  which  were  visually  discernible  Included  nuclear 
hypertrophy  and  chromatin  condensationt .  Again,  nuclear  chromatin 
alterations  were  more  pronounced  with  near-lethal  and  lethal  dosages. 

2.  Cytophotometrlc  Analyses  of  Chrcmatln  and  Macromolecular  Changes 

Among  the  parameters  used  to  quantify  T-2  toxin- induced 
cardlotoxicity  Included:  (a)  nuclear  area  and  photometric  area  as  an 
indicator  of  nuclear  sire  changes  and  of  chromatin  disperslont ;  (b) 
Feulgen  DNA  levels  and  shifts  in  relative  abundance  of  myocardial  cells 
exhibiting  low  and  high  affinities  for  nuclear  F-DNA  staining(F-DNA 
reactivity) t ;  (c)  myocardial  RNA  levels;  and  (d)  myocardial  protein 
levels.  Tabular  and  graphic  summaries  of  data  are  presented  in  Tables 
1-4  and  Figures  1-3. 

Major  findings  supported  by  these  data  are  as  follows: 

(a)  Acute  T-2  toxicity  is  associated  with  a  dose-dependent 
myocardial  nuclear  hypertrophy.  This  is  reflected  in  an  increase  in 
both  nuclear  size,  notably  in  1.5  and  6.0  ag/kg  treatment  groups 
measured  using  ocular  filar  micrometry;  also,  in  the  area  of  the 
nucleus  containing  F-DNA  chromophoret  measured  cytophotometrically 
(Table  1).  The  latter  finding  indicates  a  dispersion  of  F-DNA 
stained  chromatin. 

(b)  Average  myocardial  nuclear  F-DNA  levels  expressed  in  absorbancy 
units  (A.U.)t  are  generally  maintained  within  the  control  range  with 
the  6.0  mg/kg  group  exhibiting  a  11%  decrease  In  F-DNA  and  the  0.9 
mg/kg  group  sacrificed  at  7  d  post -treatment  exhibiting  a  12.7% 
decrease  in  F-DNA  levels  relative  to  controls  (Table  2). 
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Table  1 :  Effect  of  T-2  Toxin  on  Myocardial  Nuclear 
Chroaophora  Area  and  Nuclear  Envelop*  Area. 


Traatnant  Group 

T-2  Toxiu  Dosage 

Microaeter  Area* 

A* 

Photoaetric  Araab 

A% 

Ethanol  Control 

97.3  ♦  1.9s 

61.8  +  0.2s 

T-2  toxin  0.83  LDjg 
(0.75  ag/kg) 

100.2  +  2.1s 

+3.0 

59.6  +  0.2s 

-5.1 

T-2  toxin  1.1  Lbjo 
(1.0  ag.kg) 

98.3  +  2.23 

+1.5 

67.2  +  0.22 

+8.9 

T-2  toxin  1.67  LDj0 
(1.5  ag/kg) 

110.7  +  3.1* 

+13.8 

73.6  +  0.21 

+17.2 

T-2  toxin  6.67  LD,0 
(6.0  mg/kg) 

115.8  +  3.11 

+19.0 

73.8  +  0.31 

+17.5 

T-2  toxin  1.0  LDjg 

98.3  +  2.8s 

+1.0 

66.6  +  0.22 

+6.0 

(0.9  mg/kg.  7  d  delay) 

*Area  of  nuclear  envelope  (^us2  +  Standard  Error)  dataralnad  using 
callbratad  ocular  filar  aicroaetry.  A  total  of  100  individual 
nuclaar  measurements  vara  made  par  group. 

bF-DNA  chroaophora  araa  (m*2  +  Standard  Error)  dataralnad  using 
scanning- Intagrating  aicrodenaitometry .  A  total  of  120  individual 
nuclaar  aaaauraaants  vara  aada  par  group.  Maans  vlth  diffarant 
suparscrlpta  ara  significant,  p  <  0.05,  Duncan's  multiple  ranga  tast. 


Table  2 :  Effect  of  T-2  Toxin  on  Myocardial  Call  Faulgen-DNA  Levels. 


Treatment  Group 

T-2  Toxin  Dosage 

M(n)* 

Myocardial  Nuclei** 
A.U.  +  S.E. 

c.v. 

«A 

Ethanol  Control 

6(117) 

32.9  ±  0.31 

10.7 

T-2  toxin  0.83  LDj0 
(0.75  mg. kg) 

6(113) 

31.1  ±  0.41 

14.4 

-5.5 

T-2  toxin  1.1  LD,o 
(1.0  mg/kg) 

6(107) 

32.3  ±  0.41 

12.5 

-1.8 

T-2  toxin  1.67  LDjq 
(1.5  mg/kg) 

7(109) 

31.6  ±  0.4’ 

13.5 

-3.8 

T-2  toxin  6.67  LDj0 

(6.0  mg/kg) 

6(118) 

29.2  ±  0.5* 

18.3 

-11.0 

T-2  toxin  1.0  UDjo 
(0.9  mg/kg,  7d  delay) 

7(134) 

28.7  ±  0.4* 

17.7 

-12.7 

•*N,  Number  of  animals  per  treatment  group;  n,  number  of  Individual  call 

measur amenta 


bMean  ±  Standard  Deviation  (Standard  Error)  In  Abaorbancy  Unlta  (A.U.); 
■•ana  with  different  auperacripta  are  significant,  p  <  0.05,  Duncan's 
multiple  range  teat. 
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Tabla  3 :  Efface  of  T-2  Toxin  oh  Myocardial  Call  Azura  B-RNA  Content 


T-2  Toxin  Dosage 

N(n)« 

Myocardial  RNAb 

A.U.  S.E. 

C.V. 

%A 

Ethanol  Control 

6(120) 

30.5  ±  0.61 

22.5 

T-2  toxin  0.83  LDjo 
(0.75  ag/kg) 

6(120) 

25.1  ±  0.52 

21.2 

-17.5 

T-2  toxin  1.1  LDso 

(1.0  ag/kg) 

6(120) 

27.0  ±  0.62 

24.4 

-11.4 

T-2  toxin  1.67  LD,0 
(1.5  ag/kg) 

7(120) 

27.6  ±  0.62 

23.4 

•  9.5 

T-2  toxin  6.67  LD,0 
(6.0  ag/kg) 

6(120) 

22.3  ±  0.62 

26.9 

-27.0 

T-2  toxin  1.0  LD;0 
(0.9  mg/kg,  7d  dalay) 

7(140) 

26.5  ±  0.72 

29.2 

-13.1 

*N,  nuabar  of  aniaals  par  treatment  group;  n,  nuabar  of  Individual  call 

aaaauraaancs 

bMaan  ±  Standard  Error  In  Absorbancy  Units  (A.U.);  coafflclsnt  of 
variation  (C.V.)  and  percentage  changa  relativa  to  control  laval 
(%A);  aaans  with  dlffarant  suparscripts  are  significant,  p  <  0.05, 
Duncan's  aultipla  ranga  tast. 
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Tabla  4:  Effact  of  T- 

•2  Toxin  on  Kyocardial  Call  Protain 

Contant . 

T-2  Toxin  Dosaga 

N(n)* 

Myocardial  Pro  tain** 

A.U.  S.E. 

C.V. 

«A 

Ethanol  Control 

6(100) 

47.2  ±  0.71 

15.8 

T-2  toxin  0.83  LD,0 
(0.75  ng/kg) 

6(100) 

37.1  ±  0.5* 

12.9 

-21.5 

T-2  toxin  1.1  LDsq 
(1.0  ng/kg) 

6(100) 

31.2  ±  0.53 

14.7 

-34.0 

T-2  toxin  1.67  LDjq 
(1.5  ng/kg) 

7(100) 

31.5  ±  0.43 

10.5 

-33.3 

T-2  toxin  6.67  LDjg 
(6.0  ng/kg) 

6(100) 

27.7  ±  0.54 

18.5 

-41.3 

T-2  toxin  1.0  LDjq 
(0.9  ng/kg,  7d  dalay) 

7(100) 

37.0  ±  0.6* 

16.0 

-21.7 

*N.  Nuabar  of  an Inals  par  traataant  group;  n,  nunioar  of  individual  call 

aaasuraaants 

^Maan  ±  Standard  Error  in  Absorbancy  Units  (A.U.);  coafficiant  of 

variation  (C.V.)  and  parcant  changa  ralativa  to  control  lava 1  (%A); 
naans  with  diffarant  supsrscripts  ara  significant,  p  <  0.05, 

Duncan's  aultipla  ranga  tast. 
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Fig.  1 
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Frequency  Distribution  Profiles  Depicting  T-2  Toxin- 
Induced  Alteration  in  Myocardial  Cellular  Chronatin 
Feulgan-DNA  Levels  (8  hr  postexposure) .  Measurements 
were  made  at  540  nm.  Histograms  were  constructed  to 
demonstrate  the  frequency  occurrence  of  nuclei 
exhibiting  low,  moderate  and  high  F-DNA  yield;  the 
moderate  category  represents  that  portion  of  the  cell 
population  where  ndividual  F-DNA  values  fall  within  ±  one 
standard  devlatlonof  the  mean.  Circled  numbers  indicate 
percentages  of  corresponding  low  or  high  F-DNA 
categories.  Reproducibility  of  individual  nuclear  DNA 
measurements  was  ±2%. 


’  28 


.'W 


Fig.  2 


nuabers)  represent  the  percentage  of  cells  whose  RNA 
contents  ere less  or  greeter  then  one  standard  deviation 
froa  the  aean  control  value. 
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Fig.  3 
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Frequency  Distribution  Profiles  of  T-2  Toxin- Induced 
Alterations  in  Myocardial  Callular  Protein  Levels 
(8  hr  postexposure).  Low  and  high  Cooaassie  blue- 
protein  categories  (circled  nuabers)  represent  the 
percentages  of  cells  whose  protein  contents  are  less 
or  greater  than  one  standard  deviation  froa  the  aean 
control  value . 
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(c)  Thar*  la  a  marked  iaeraaaa  In  the  ralativa  abundanca  of  myocardial 
call*  exhibiting  low  F-DNA  reactivityf  (Fig.  1) .  This  la  avldancad 
•van  vlch  aublachal  doaagaa  of  0.75  and  1.0  mg/kg  at  8  h  poat- 

lnj action  and  la  aapaclally  marked  in  tha  0.9  ag/kg  traataant 
group  aacriflcad  7  d  pose-treatment. 

(d)  A  daplation  in  both  ayocardlal  RNA  lavala  (Tabla  3,  Fig.  2)  and  in 
protain  lavala  (Tabla  4,  Fig.  3)  la  avldancad  with  both  aublathal 
and  lathal  doaagaa  of  T-2  toxin.  Bacauaa  of  tha  high  coafflciant  of 
variation  in  RNA  (21*29%)  and  protain  (11*16%)  lavala,  thia  la  atora 
claarly  raflactad  froa  analyaaa  of  histogram  profllaa  which  ravaal  a 
aavaral  fold  incraaaa  in  tha  abundanca  of  low  RNA  and  a  virtually 
complete  abaanca  of  moderate  and  high  protain  containing  cardiocytaa 
in  rata  Injected  with  aublathal  and  lathal  lavala  of  T*2  toxin. 

3.  Plaana  Hlatanina  Lavala  and  Maaantarlc  Maat  Call  Detranulatlon 

Data  ralating  to  tha  affacta  of  aublathal  and  l.ethal  lavala 
of  T-2  toxin  on  plaana,  cacal  and  lung  hlatanina  lavala  ara  aunmarlzad 
in  Tabla  5.  A  doaa-dapandant  alavatlon  in  circulating  plaana  lavala  waa 
avldancad  with  tha  1.0  and  1.5  ag/kg  groupa  axhibitlng  approxiaataly 
two-  and  thraa-fold  lncraaaaa,  raapactivaly,  over  baaal  athanol  lnjactad 
control  lavala.  Entaric  hlatanina  lavala  tandad  to  ba  highar  in  T-2 
toxin  traatad  rata  but  did  not  prova  to  ba  atatlatically  aignificant 
owing  to  tha  high  varianca  and  anall  nunbar  of  rata  par  traatnant 
group.  However,  if  ona  conbinaa  data  froa  tha  four  T-2  toxin  rata 
irraapactlva  of  doaaga  tha  ovarall  naan  hlatanina  laval  of  2.84  ±  0.5  ia 
approxiaataly  80%  ovar  that  of  controla  (p  <  0.05).  Baaal  control 
lavala  of  lung  hlatanina  lavala  vara  appreciably  highar  than  cacal 
lavala  and  wara  not  affactad  by  T-2  toxicant  axpoaura . 

In  a  ralatad  atudy  tha  affacta  of  T-2  toxin  on  naaantaric  aaat 
call  dagranulation  wara  datarnlnad  uaing  scanning  nicrodanaltonatrlc 
analyaaa  of  individual  callular  natachronaaiaf .  Baaad  on  data 
summarized  in  Tabla  6,  it  ia  claar  that  thara  ia  an  Incraaaa  in  aaat 
call  daplation  indicativa  of  tha  ralaaaa  of  hlatanina  and  parhapa  othar 
vasoactive  substances  aadiatad  by  T-2  toxin  action. 

4.  In  vitro  Studies  of  T-2  Toxin  Effects  on  RNA  and  Protain  Levels 
of  Cultured  Endothelial  Calls. 


In  preliminary  experiments ,  a  differential  susceptibility  of 
cultured  bovine  smooth  muscle  cells  (SMC)  and  aortic  endothelial  cells 
(BAEC)  to  T-2  cytotoxicity  was  noted.  For  example,  T-2  concentrations 
of  up  to  10  ug/ml  failed  to  elicit  morphologically  detectable  cytopathic 
changes  in  SMC.  Endothelial  cultures,  on  the  other  hand,  failed  to 
remain  viable  during  12  hour  incubations  with  T-2  toxin  concentrations 
as  low  as  50  ng/ml .  In  light  of  the  observed  dramatic  effects  of  T-2 
toxin  on  the  vascular  system  in  vivo  and  its  established  affinity  for 
polyribosomal  RNA,  these  preliminary  findings  indicating  a  high 
endothelial  cell  susceptibility  to  T-2  toxin  in  vitro .  in  part,  prompted 
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Table  5 :  Effect  of  T-2  Toxin  on  Plasma.  Enteric  and  Lung  Histamine  Level* 


Treatment  Group  Histamine  Levels  ±  S.E.b 


T-2  Toxin  Dosage 

N* 

Plasma 

ng/ml 

Gut 

ng/mg  protein 

Lung 

ng/mg  protein 

Ethanol  Control 

6 

75. 7±  9.6* 

1.58*0.22* 

26.5*5.4* -* 

0.5  ng/k* 

6 

86. 7±  7.1s  »* 

3.60*1.09* 

36.4*5.8’ 

0.75  mg/kg 

6 

111.0*24.9* 

3.28*0.77* 

24.5*2.7* 

1.0  mg/kg 

7 

170.6*36.7* 

1.83*0.74*.* 

26.1*4.1* •* 

1.5  mg/kg 

7 

229. 0*23. 01 

1.62*0.34* 

26.2*2.0* •* 

aN  designates  number  of  animals  per  treatment  group 

bAverage  histamine  levels  ±  standard  error  assayed  using  the  enzymatic* 
isotopic  method  of  Taylor  and  Snyder  (12);  means  with  different 
superscripts  are  significant,  p  <  0.05,  Duncan's  multiple  range  test. 
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Table  6 :  Mesenteric  Meet  Cell  Degranulation  In  Acute  T-2  Toxin  Treated  Ratsa 


T-2  Toxin  Dosage 

H(n) 

Mast  Cell  Metachroaasiab 
(A.U.iS.D. ) 

»A 

Control 

6(120) 

1651651 

0.5  agAg 

6(120) 

127±37* 

-23 

0.75  agAg 

6(120) 

134±253 

-19 

1.0  agAg 

6(120) 

150±262 

-  9 

1.5  agAg 

6(120) 

142+24* .J 

-14 

•Extent  of  aut  cell  degranuletlon  beeed  on  seeming  alcrodansitoaetrlc 
iseesures  of  aetachroaatic  dye  binding  of  cytoplasaic  granules  using 
azure  B«stained  aesenteric  spread  preparations.  N(n)  designate 
number  of  rats  and  nuaber  of  individual  aast  cells  aeasured. 

b Average  levels  expressed  in  Absorbancy  Units  (A.U.)  ±  Standard 
Deviation.  Means  with  different  superscripts  are  significant, 
p  <  0.05,  Duncan's  aultiple  range  test.  Percentage  change  (A*) 
relative  to  ethanol  Injected  controls. 
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us  Co  examine  specific  off secs  of  T-2  toxicant  actions  on  RNA  contant  in 
culcursd  BAEC. 

Flow  cytometric  analysis  of  Pyronin  Y-stainod  andochalial  calls  yialdad 
strong  evidence  avldanca  of  T-2  toxicant  action  in  this  call  typa  (Tab la 
7).  Treatment  of  fixad  BAEC  with  6.25  U/al  RNAse  raducad  peak  channel 
fluorescence  30%  with  raspact  to  untraatad  aliquots.  BAEC  cultures  axposad 
to  5  ng/ml  T-2  toxin  for  12  hours  prior  to  analysis  exhibited  a  20% 
dacraaaa  in  paak  fluorascanea.  This  raprasants  an  approximately  68% 
reduction  in  Pyronin  Y  fluorascanea  attributable  to  specific  RNA  binding. 
Exposure  of  BAEC  to  T-Z  toxin  also  dacraasad  the  ability  of  RNase  treatment 
to  diminish  Pyronin  Y  fluorascanea  (40%).  Paak  fluorescence  in  this  group 
was  17.9%  lower  than  the  untraatad  control.  The  results  of  this  study 
clearly  indicate  Chat  exposure  to  even  minute  quantities  of  T-2  toxin 
daeraasas  Pyronin  Y-RNA  fluorascanea  in  fixad  BAEC. 

An  independent  assessment  of  T-2  toxin  induced  affects  on  total 
azurophiliaf  and  RNA  content  was  conducted  using  axura  B  stained  BAEC 
cultures  on  coverslips.  Based  on  data  summarized  in  Table  8  it  is  clear 
that  T-2  toxin  exhibits  a  marked  dose -dependant  depletion  in  azurophilic 
staining  and  in  azure  B-RNA  levels. 

5.  Cytolnterferometrlc  Analyses  of  Protein  Changes  in  Endothelial 
Cells 


Tima  constraints  precluded  the  undertaking  of  extensive  use  of 
micro interferometry!  in  analyses  of  eytopathic  responses  in  various 
target  tissues  of  T-2  toxin  exposed  rats.  Nonetheless,  unstained 
sections  of  cardiac,  enteric  and  other  organs;  also,  ■en-face1,t 
preparations  of  cardiovascular  endothelial  cells;  and  monolayers  of 
cultured  endothelial  calls  are  currently  being  analyzed  to  obtain 
supplemental  data  specifically  relating  to  cellular  protein  responses 
associated  with  acute  T-2  mycotoxin  poisoning.  To  date,  preliminary 
analyses  (data  not  presented)  provide  supportive  evidence  chat  T-2  toxin 
•xerts  a  direct  cytotoxic  action  on  endothelial  cells  with  protein 
depletion  constituting  the  initial  eytopathic  event  which  precedes 
inhibition  of  RNA  synthesis  and  che  suppression  of  chromatin  template 
activity. 

II .  Neurotoxic  Effects  of  T-2  Toxin 

In  vivo  cytophotometric  analyses  were  also  conducted  on  brain 
specimens  from  Che  same  groups  of  rats  used  in  studies  of  cardlotoxic 
effects  of  T-2  toxin.  The  focus  of  this  aspect  of  the  study  was  on 
quantification  of  neuronal  chromatin  (F-DNA),  azure  B-RNA  and  Coomassie 
(caudate  nucleus  plus  putanen)  brain  compartments.  These  brain  regions 
were  selected  because  of  their  role  in  locomotor  control  and  hypokinesia 
is  an  aarly  manifestation  of  T-2  toxin-induced  CNSf  dysfunction.  Since 
two  papers  on  neurotoxic  effects  of  T-2  toxin  are  in  press  (7,9),  brief 
summarise  of  major  findings  and  conclusions  are  presented  below. 
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Table  7: 

Effects  of  T-2 

Toxin 

on  PY- fluorescence  of 

Cultured  Aortic 

Endothelial  Calls  and  Smooth  Muscle 

Cells 

Treatment 

Group 

Staining 

Conditions 

Cell 

Type 

Peak  Channel 
Fluorescence 

A* 

Mean 

Fluorescence 

A% 

Control 

PY 

BAEC 

84 

96.5 

Control 

PY+RNase 

BAEC 

59 

-30 

74.7 

-23 

T-2  toxin 

PY 

BAEC 

67 

-20 

81.9 

-15 

T-2  toxin 

PY+RNase 

BAEC 

69 

•18 

91.7 

-  5 

Control 

PY 

SMC 

-  • 

- 

126.5 

Control 

PY+RNase 

SMC 

- 

- 

118.3 

-  7 

T-2  toxin 

PY 

SMC 

- 

- 

110.6 

-18 

T-2  toxin 

PY+RNase 

SMC 

• 

• 

112.9 

-11 

•Endothelial  calls  (BAEC)  and  smooth  nujcle  calls  (SMC)  vara  plated  at  a 
seeding  density  of  20,000  cells/cm2  in  25  cm2  tissue  culture  flasks. 
Pyronin  Y  staining  (?Y)  and  flow  cytometric  analysis  were  conducted 
using  the  method  of  Shapiro  (1981)  with  and  without  pratraatment 
with  RNase  (6.25  0/ml  at  37  C  for  30  min).  There  was  no  identifiable 
PY  peak  channel  fluorescence  obtained  with  SMC  cultures.  T-2  toxin 
dosage  was  5  ng/ml  for  12  h  prior  to  analysis. 
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Table  8:  Effaces  of  T-2 


Levels  of  Cultured  Aortic  Endothelial  Cells 


Treatment 

Croup 


Tot 

A. 


Toxin  on  Total  Azurophilla  and  Azure  3-RNA 


tl  Arurophilia 
L1S.D. (S.E. ) 


«A 


Azure  B-RNA 
(A.U.1S.D. (S.E.) 


«A 


Control  100 

T-2  toxin  100 

(0.05  ng/al) 

T-2  toxin  100 

(5.0  ng/al) 


64.1115.9(1.6) 

3l5.0±  7. 7(0. 8)  -45 

24. 9±  5. 7(0. 6)  -61 


42.7110.4(1.0) 

37.81  6. 9(0. 7)  -11 

19.51  5.0(0. 5)  -54 


aBovine  aortic  endothelial  cells  (BAEC)  were  plated  at  a  seeding  density 
of  20,000  eells/ca2  in  25  ca2  tissue  culture  flasks  containing  cover- 
alips.  Coverslips  containing  aonolayers  of  BAEC  were  treated  with 
DNase  (for  azure  B-RNA)  or  untreated  with  DNase  (for  total 
azurophilia)  prior  to  azure  B  staining  and  scanning- integrating 
aicrospectropho tome try;  average  values  are  expressed  in  absorbancy 
units  (A.U.)  1  standard  deviation  (standard  error)  and  based  on 
100  individual  cell  measurements  per  treatment  group,  the 
designated  T-2  toxin  ^oaages  were  for  12  h  prior  to  analysis. 
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1.  Ovmrt  and  microscopic  manifestations  of  neurotoxicity 
Changes 

Ths  predominant  overt  CITS  ■ yap toss  of  T-2  intoxication 
included  aathenia  and  hypokinesia  and  generally  occurred  about  4  h 
post* Injection,  whereas  vascular  changes  such  as  episodic  hyperemia  of 
external  ears  were  evidenced  as  early  as  1  h  after  toxin  injection.  At 
the  time  of  decapitation  (8  h)  rats  receiving  0.7S  to  1.5  mg/kg  of  T-2 
toxin  were  lethargic  but  otherwise  exhibited  no  overt  signs  of 
distress.  The  highest  dosage  group  (6.0  ag/kg)  exhibited  signs 
hyporeflexia,  prostration,  coma  and  labored  breathing  at  about  5*6  h 
after  injections.  At  necropsy  there  was  no  evidence  of  brain 
hemorrhages;  the  method  of  euthanasia  (decapitation)  precluded  assess* 
aent  of  the  extent  of  meningeal  vascular  congestion. 

Microscopic  examination  of  H  &  E  stained  sections 
confirmed  the  absence  of  any  focal  brain  hemorrhages .  There  was  no 
discernible  evidence  of  incipient  necrosis.  Neurons  were  normal  in 
appearance  with  vesicular,  euchromatic  nuclei  containing  a  strongly 
basophilic  nucleolus  with  the  soma  containing  moderate  to  abundant  Nisei 
substance.  On  the  other  hand,  perineuronal  glial  cell  nuclei  in  T-2 
poisoned  rats  exhibited  some  swelling  with  condensation  of  granular 
aggregates  in  the  nucleoplasm. 

2.  Cytophotometrlc  Analyses  of  Chromatin.  RKA  and  Protein 

Changes  ~ 

Comparison  of  average  F-DNA  levels  of  cerebrocortlcal 
(layer  III)  and  striatal  neurons  in  control  and  T-2  treated  rats 
(Table  9)  revealed  dose -dependent  diminutions  in  F-DNA  reactivity 
of  neurons  in  both  brain  regions,  indicating  a  decrease  in 
chromatin  susceptibility  to  acid  hydrolysis.  Significant  (p  < 

0.05)  reductions  in  mean  cerebrocortlcal  neuron  F-DNA  reactivity 
ranged  from  9%  with  0.75  mg/kg  Co  22%  with  6.0  mg/kg  1-2,  whereas 
the  suppression  in  F-DNA  reactivity  in  striatal  neurons  was 
slightly  more  severe,  i.e.,  15%  with  the  lowest  dose  of  T-2  and 
26%  with  the  highest.  T-2  toxin- induced  changes  in  neuronal 
F-DNA  reactivity  were  further  examined  in  conventional  frequency 
distribution  profile  form  (constructed  using  ethanol-control  mean 
and  standard  deviation  as  the  reference  data  base) .  Comparative 
analyses  of  F-DNA  profiles  indicated  the  existence  of  marked 
shifts  in  the  relative  proportions  of  nuclei  n  both 
cerebrocortical  (layer  III)  and  striatal  neurons  exhibiting  low 
F-DNA  yield.  This  vas  apparent  in  all  T-2  toxin  treatment  groups 
as  manifested  by  ca.  4-6  fold  elevations  in  the  frequency 
occurrence  of  low  F-DNA  categories.  Thus,  the  existence  of  T-2 
toxin- induced  alterations  in  the  physicochemical  state  of  nuclear 
chromatin,  i.e.,  its  lability  to  Feulgen  acid  hydrolysis,  was 
apparent  not  only  in  diminished  mean  F-DNA  values  (Table  9)  but 
also  in  markedly  elevated  frequencies  of  ow  F-DNA  reactive  nuclei 
with  concomitant  reductions  in  moderate  and  high  F-DNA  categories 
of  the  cortical  and  striatal  neuron  population. 
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Table  9 :  Comparative  Analyses  of  Cerebrocortical  (layer  III)  and 
Striatal  Neuron  Chromatin  Feulgan-DNA  (F-DNA)  Reactivity 
in  T-2  Toxin- Intoxicated  Rats.* 


T-2  Toxin 

Dosage 

Cortex 

F-DNA  Reactivity 
«A  Striatum 

»A 

Control 

56.7  ±  4.61 

60.6  ±  7.41 

0.75  mg/k* 

51.9  ±  4.6* 

•  8.5 

51.8  ±  4.1* 

-14.5 

1.0  mg/kg 

50.7  ±  5.5* 

•  10.6 

50.2  ±  4.1s 

-17.2 

1.5  mg/kg 

48.2  ±  5.4s 

-15.0 

48.8  ±  6.4* 

-19.5 

6.0  mg/kg 

44.2  ±  7.5* 

-22.0 

45.2  ±  6.3* 

-25.4 

aT-2  toxin- induced  alteration*  in  neuronal  F-DNA  reactivity  (Mean  ±  S-D. ) 
baaed  on  scanning- integrating  microdensi tome trie  aeasures  of  dye 
binding  using  standardized  hydrolysis  protocol  adopted  for 
comparative  analyses,  l.e.,  30  min  in  3.3  N  HC1  at  37  C. 

^Reaction  product  formation  in  Absorbancy  Units  (A.U.)  ±  Standard 
Deviation.  Means  with  different  superscripts  are  significant, 
p  <  0.03,  Duncan's  multiple  range  test.  Values  ranksd  (1-5),  the 
highest  designated  as  (1) .  Measurements  made  at  540  nm,  corrected 
for  glare  and  residual  distribution  error.  Reproducibility  of 
individual  nuclear  DMA  measurements  was  ±2%.  Each  value  represents 
mean  of  100  cytophotometrlc  F-DNA  determinations  with  6  animals 
per  group.  Adventitial  fibroblasts  used  as  diploid  reference 
cell  standards  yielded  a  mean  of  60.6  ±  6.0  A.U.  (n  -  100) 
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To  further  explore— the  relationship  between  T-2  toxin 
intoxication  end  alterations  in  neuronal  nuclear  functioning, 
analyses  of  T-2  toxin* induced  changes  in  the  extent  of  chronatin 
compaction  (F-DNA  chromophore  area)  and  of  actual  nuclear  voluae 
were  conducted  on  the  same  series  of  sections  used  for 
datamlnation  of  F-DNA  reactivity  responses.  Based  on  the  data 
presented  in  Table  10,  photometric  area,  l.e.,  nuclear  area 
containing  F-DNA  reactive  chromatin,  was  significantly  (p  <  0.05) 
elevated  in  both  carabroeortical  and  striatal  neurons  with  all 
four  T-2  toxin  dosages.  It  is  also  clear  that  T-2  toxin  produced 
an  increase  in  nuclear  volume  in  both  cerebrocortical  and 
striatal  neurons  with  all  four  T-2  dosages.  It  is  also  clear 
that  T-2  produced  an  increase  in  nuclear  voluae  in  both 
cerebrocortical  and  striatal  neurons.  Neither  response  was, 
however,  strictly  dose - dependent 

Similar  measures  ware  made  of  nucleolar  voluae  changes 
using  ocular  filar  micrometry  of  azure  B  stained  brain  sections.  Both 
cerebrocortical  and  striatal  neuronal  nucleoli  exhibited  either  no 
change  or  a  moderate  nucleolar  hypertrophy  (ca.  16%)  in  the  6  mg/kg  and 
1.5  mg/kg  T-2  treatment  groups  (Table  11).  Also,  average  neuronal  RNA 
levels  in  both  brain  regions  of  T-2  toxin- Intoxicated  rats  generally 
remained  within  the  control  range  (Table  12).  However,  a  17%  reduction 
in  mean  neuronal  RNA  content  was  evidenced  within  the  cerebral  cortex 
with  1.5  mg/kg  T-2  toxin,  and  a  20%  loss  in  perlkaryal  RNA  was  observed 
within  the  striatum  with  6.0  mg/kg. 

T-2  mycotoxin- induced  alterations  in  brain  neuronal  protein 
levels  were  much  more  pronounced  than  RNA  changes.  As  indicated  by  data 
summarized  in  Table  12,  T-2  toxin  produced  e  severe,  lineer 
dose -dependent  reduction  in  total  neuronal  protein  content.  Declines  in 
mean  values  within  the  motor  cortex  ranged  from  9%  with  0.75  mg/kg  to 
46%  with  a  6.0  mg/kg  toxin  challenge.  Neuronal  protein  loss  was  less 
marked  in  striatal  than  in  cortical  compartments,  l.e.,  20-25% 
diminutions  with  1.0,  1.5  and  6.0  mg/kg,  and  no  protein  depletion 
whatsoever  with  0.75  mg/kg  T-2  toxin. 

Ill .  Other  Systemic  Effects  of  T-2  Toxin 

Cytochemieal  and  histopathologlcal  studies  were  also  made  of 
the  liver,  Intestinal  tract,  adrenals,  kidney,  thymus  and  spleen. 
Although  these  are  still  in  progress  and  constitute  integral  aspects  of 
M.S.  or  honors  research  projects  by  several  graduate  students, 
sufficient  data  were  generated  within  the  last  several  months  to  enable 
an  evaluation  of  the  nature  and  severity  of  T-2  toxin- induced  impairment 
in  functioning  of  these  organ-systems .  These  are  summarized  below. 

1.  Hepatotoxlc  Effects  of  T-2  Toxin 

In  addition  to  cytomorphology ,  three  aicrochemical  probes, 
i.e.,  Feulgen-DNA,  azure  B-RNA  and  Coomassie-protein,  were  used  to 
analyze  dose -dependent  and  time-dependent  alterations  in 
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Table  10:  Comparative  Analyses  of  Cerebrocortical  (layer  III)  and 
Striatal  Neuron  Faulgen-DNA  (F-DNA)  Chroaophore  Area  and 
Nuclear  Volume  In  T-2  Toxin- Intoxicated  Rats. 


F-DNA  Chroaophore  Area  (pa2)*  Nuclear  Volume  (pm3  )b 


T-2  Toxin 

Dosage 

Cortex 

Striatum 

Cortex 

Striatum 

Control 

89 . 5±16 . 4s 

84.4112.1s 

1016.01273,2s 

1100.01217.0* 

0.75  mg/kg 

108.1118.4’ 

101. 3112. 31 

1196. 41361. 52 

1196.11219.4s 

1.0  mg/kg 

106.5117.5’ 

99.7118.3’ 

1146, 11152. 52 

1409.01337.0’ 

1.5  mg/kg 

102 . 0±17 , 32 

95. 5113, 22 

993.01207.1s 

1097. 61440.2* 

6.0  mg/kg 

98.4±13,92 

94. 2111. 82 

1222.41269.7’ 

1301. 01220. 02 

•Photometric  F-DNA  chroaophore  area  (mean  ±  standard  deviation)  determined 
using  scanning- integrating  microdensitometry.  Relative  photometric  area 
units  converted  into  absolute  values  by  calibration  with  graded  measuring 
apertures.  Each  value  represents  mean  of  50  individual  nuclear  deter¬ 
minations.  Means  not  designated  with  same  superscript  are  significantly 
different,  p  <  0  05,  Duncan's  multiple  range  test.  7alues  ranked  (1-  3), 
Che  highest  designated  as  (1). 

^Nuclear  volume  (mean  ±  standard  deviation)  determined  at  1000X  using 
calibrated  ocular  filar  micrometry.  Each  value  represents  mean  of  100 
individual  neuronal  determinations.  Nuclear  volume  calculated  from 
V  -  n/6ab2  ,  where  a  -  diameter  of  major  axis  an*'  b  -  diameter  of 
minor  axis.  Means  not  designated  with  same  superscript  are  significantly 
different,  p  <  0.05,  Duncan's  multiple  range  test.  Values  ranked  (1-4), 
the  highest  designated  as  (1). 
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Table  11:  Carabrocortlcal  flayer  III)  and  Striatal  Neuron  Nucleolar 
Voltages  in  T-2  Toxin- Intoxicated  Rata.* 


Nucleolar  Volume  (/ae3) 

T-2  Toxin  Dosage 

Cortex 

Striatum 

Control 

15.9  ±  8.72 

13.8  ±  8.52 

0.75  mg/kg 

16.5  ±  8.11 »2 

15.0  ±  8.21 *2 

1.0  mg/kg 

18.0  ±  7.9’ 

16.3  ±  7. 5!»* 

1.5  mg/kg 

18.0  ±  8.21 >2 

16.5  ±  7.01 

6.0  mgAg 

18.6  ±  8.21 

15.5  ±  7.61  >2 

"Nucleolar  volumes  (mean  ±  standard  deviation)  determined  at  1000X 
using  calibratad  ocular  £ilar  micrometry.  Each  value  represents 
mean  of  100  individual  neuronal  determinations.  Nucleolar  volume 
calculated  from  V  -  x/603 ,  where  0  •  diameter.  Means  not 
designated  with  same  superscript  are  significantly  different, 
p  <  0.05,  Duncan's  multiple  range  test. 
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Table  12 :  Cerebrocortlcal  (layer  III)  and  Striatal  Neuron  RNA  and  Protein 
Content*  in  T-2  Toxin- Intoxicated  Rats.a 


RNA  Contents 

T-2  Toxin  Dosage 

Cortex 

Striatum 

Control 

72.3  ±  14. 01 

43.6  ±  8.71 

0.75  mg/kg 

76.4  ±  14. 61 

42.4  ±  10.0’ 

1.0  ag/kg 

73.8  ±  11. 31 

40.4  ±  11. 91 

1.5  mg/kg 

60.0  ±  11. 4* 

43.5  ±  11. 51 

6.0  ag/kg 

68.6  ±  14. 72 

34.9  ±  H.  1* 

Protein 

Contents 

T-2  Toxin  Dosage 

Cortex 

Striatua 

Control 

75.3  ±  23. I1 

43.7  ±  10. 0’ 

0.75  ag/kg 

68.4  ±  19. 4* 

44.7  ±  10.0’ 

1 . 0  ag/kg 

62.9  ±  23. 4* 

35.0  ±  10. 12 

1.5  ag/kg 

58.8  ±  13. 83 

33.0  ±  4.92 

6.0  ag/kg 

41.1  ±  10.7* 

33.4  ±  5.52 

aNeuronal  azure  B-RNA  and  Cooaassie-protein  contents  (Absorbancy  Units 
±  S.D.)  determined  using  scanning* integrating  aicrodensitometry.  Each 
value  represents  mean  of  100  Individual  neuron  measurements  Means  not 
designated  with  same  superscript  are  significantly  different,  p  <  0.05, 
Duncan's  multiple  range  test. 
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transcriptional - trans lational  aspects  of  nucleic  acid  and  procoin 
metabolism  in  liver  parenchymal  cells.  Also,  bocouao  cho  typo  and 
pattern  of  cytopathic  change*  observed  during  tha  acuta  (8  h) 
phase  of  intoxication  proved  to  be  siailar  to  those  obtained  with 
non-specific  stress  stimuli  or  other  xenobiotics  (drugs,  toxins, 
etc.),  the  focus  of  this  subproject  was  on  delayed  liver  responses 
at  7,  14  and  28  day  intervals  after  T-2  toxin  treatment.  The 
major  aim  was  to  determine  the  extent  to  which  T-2  toxin  causes 
progressiva  irreversible  hepatocellular  Injury.  Because  previous 
studies  in  our  laboratory  have  shown  that  the  predominant  cell 
type  in  periportal  (PP)  region  of  liver  lobules  is  tetraploid  (4) 
with  appreciable  higher  SKA  levels  than  are  found  in  diploid  (2C) 
cells,  which  comprise  the  eentrilobular  (cc)  compartment,  separate 
analyses  were  conducted  of  T-2  toxin  induced  cytochemical 
responses  in  both  PP  and  CL  regions. 

The  most  prominent  signs  of  hepatocellular  injury 
included  loss  of  basophilic  staining  and  focal  areas  of  necrosis 
containing  fibrocytic  elements.  Generally ,  most  parenchymal  call 
nuclei  retained  their  normal,  auehromatic  vesicular  appearance. 
Visually,  the  extant  of  reduction  in  basophilia  was  more 
pronounced  in  CL  than  in  PP  regions  at  8  h  post-injection. 

Cytophotometrie  analyses  of  dose  and  time -dependant 
alterations  in  Feulgen-DNA  reactivity  revealed  a  maintenance  of 
average  F-DNA  levels  within  the  control  ±  one  standard  deviation 
range  in  both  PP  and  CL  compartments  (Table  13).  Similarly, 
except  for  PP  cells  of  rats  killed  4  weeks  after  exposure  which 
exhibited  a  reduction  in  total  azurophilia  and  in  azure  B-RNA 
levels  (Tables  14  and  15)  with  both  sublethal  and  near- lethal 
dosages,  there  was  no  consistent  pattern  of  azurophilic  or  RKA 
responses  which  could  be  related  to  dose  or  time  after  exposure. 
Analyses  of  Ceomassie  blue-protein  levels  in  parenchymal  cells 
also  indicated  the  absence  of  any  protein  depletion  in  hepatocytes 
of  T-2  toxin  treated  rats  (Table  16). 

2.  Entsrotoxic  Effects  of  T-2  Toxin 

This  subproject  was  limited  to  tha  cytomorphologlcal 
and  histopathological  assessment  of  T-2  toxin- induced  affects  on 
various  tissue  compartments  of  the  small  intestine  in  an  attempt 
to  identify  specific  cell  types  which  are  most  prone  to  injury. 

In  the  following,  major  findings  from  two  separate  studies  are 
summarized,  one  dealing  with  acute  dose -dependent  enterotoxic 
effects  where  all  rats  were  killed  at  8  h  post- injection  with 
sublethal  and  lethal  doses  of  T-2  toxin  (ip)  and  the  second 
(designated  as  "time-dependent”  study)  focusing  on  the  type  and 
nature  of  intestinal  cytopathic  changes  which  occur  prior  to  the 
onset  of  overt  symptoms  of  intoxication,  i.e.,  during  the  2  to  8 
hr  interval  after  a  lethal  dose  of  T-2  toxin  was  administered.  In 
both  studies,  particular  attention  was  focused  on  vascular, 
muscular,  leucocytic,  secretory  and  stromal  components. 
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Table  13 :  Nuclear  Chromatin  Feulgan-DNA  (F-DNA)  Reactivity  of  Periportal 
and  Centrilobular  Hepatocytes  in  T-2  Toxin-Treated  Rats 
(7-28  d  post- lnl action) . 


T-2  Toxin 

Dosage 

N(n)* 

Periportal 

F-DNA  Reactivity^ 

%A  Centrilobular 

%A 

Ethanol  Control 

12(345) 

43  ±  101 

26  ±  92 

At  7  days: 

. 

0.60  ng/kg 

5(125) 

36  ±  95.* 

-16 

20  ±  6 

-23 

0.75  ng/kg 

6(125) 

41  ±  13’ .2 

-  5 

24  ±  8 

-  8 

0.90  ng/kg 

5(125) 

35  ±  12* 

-19 

27  b  101 .2 

'  +•  3 

At  14  days: 

0.75  ng/kg 

5(110) 

41  ±  121 .2 

-  5 

28  ±  ll1 .2 

+  8 

0.90  ng/kg 

5(110) 

40  ±  132 

-  7 

28  ±  ll1 .2 

+  8 

At  28  days: 

0.60  ng/kg 

5(110) 

41  ±  101 -2 

-  5 

24  ±  7 

-  8 

0.75  ng/kg 

5(110) 

,43  ±  131  >2 

0 

29  ±  ll1 

+11 

0.90  ng/kg 

5(110) 

38  ±  123.* 

-12 

26  ±  122 

0 

aN,  number  of  aninals  per 

treatnent  group; 

n,  number 

of  individual 

cell 

measurements . 

kftean  ±  Standard  Deviation  in  Absorbancy  Unltz  (A.U.);  percentage  change 
relative  to  control  level  (%A) ;  values  with  different  superscripts 
are  significant  at  p  <  O.OS,  Duncan's  multiple  range  test  with  the 
highest  value  designated  (1). 
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Table  14:  Cellular  Azurophllla  (Basophilia)  of  Periportal  and  Centrllobular 
Hepatocvtaa  In  T-2  foxin-Treated  Rata  (7-28  d  post-lnlection) . 


T-2  Toxin 

Cellular  Azurophilia  (A.U.1S.D.) 

Dosage 

N<n)« 

Periportal 

%A 

Centrllobular 

%A 

Ethanol  Control 

12(150) 

50  ±  141 

32  ±  142  >3 

At  7  days: 

0.60  ag/kg 

5(50) 

49  ±  181 

-  2 

35  ±  122 

-  9 

0.75  ag/kg 

6(50) 

46  ±  14’ 

-  8 

32  ±  102-3 

0 

0.90  ag/kg 

5(50) 

38  ±  132 

-24 

27  ±  103 

'  -16 

At  14  days: 

0.75  ag/kg 

5(50) 

35  ±  82-3 

-30 

30  ±  ie*  -3 

-  6 

0.90  ag/kg 

5(50) 

49  ±  23’ 

-  2 

49  ±  171 

+53 

At  28  days: 

0.60  ag/kg 

5(50) 

32  +  83-4 

-36 

28  ±  103 

-12 

0.75  ag/kg 

5(50) 

27  ±  84 

-46 

18  ±  64 

-43 

0.90  ag/kg 

•  6(50) 

37  ±  102*3 

-26 

35  ±  ll2 

+  9 

aN,  number  of  aniaals  per 

treatment  group; 

n,  number 

of  individual 

cell 

measurements . 

bMean  ±  Standard  Oaviation  in  Absorbancy  Units  (A.U.);  percentaga  change 
ralativa  to  control  laval  (%A);  values  with  different  superscripts 
are  significant  at  p  <  0.05,  Duncan's  multiple  range  tesit  with  the 
highest  value  designated  (1). 
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Table  15 :  Azure  B-RKA  Content  of  Periportal  and  Centrilobular 

Hepatocrtea  in  T-2  Toxin-Treated  Rata  (7  -  28  d  post- ini ection) . 


T-2  Toxin 

Dosage 

»<n)« 

Azure 

Periportal 

B-RHA  (A.U.±S.D.)b 
%A  Centrilobular 

«A 

Ethanol  Control 

12(150) 

34  ±  ll1 

23  ±  92  »3 

At  7  days: 

0.60  agAg 

5(50) 

30  ±  142 

-io 

21  ±  73 

-  9 

0.75  agAg 

6(50) 

36  ±  101 

+  6 

18  ±  101 

+22 

0.90  agAg 

5(50) 

33  ±  ll1 

-  3 

23  ±  10*  • 3 

0 

At  14  days: 

0.75  ng/kg 

5(50) 

29  ±  62 

-15 

20  ±  63 

-13 

0.90  agAg 

5(50) 

37  ±  161 

+  9 

28  ±  101 

+22 

At  28  days: 

0.60  agAg 

5(50) 

26  ±  73 

-24 

23  ±  62-3 

0 

0.75  agAg 

5(50) 

28  ±  7* 

-18 

15  ±  7* 

-35 

0.90  agAg 

6(50) 

26  ±  73 

-24 

25  ±  72 

+  9 

*N,  number  of  aniaals  per 

treatment  group;  n 

,  number 

of  individual 

cell 

measurements . 

bMean  ±  Standard  Deviation  in  Absorbancy  Units  (A.U.);  percentage 
change  relative  to  control  level  (%A);  values  with  different 
superscripts  are  significant  at  p  <  0.05,  Duncan's  multiple  range 
test  with  the  highest  value  designated  (1) . 
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Table  16 :  Cellular  Prof In  Content  of  Periportal  and  Centrliobular 

Hepatocvtes  In  T-2  Toxin- Treated  Rats  (7*28  d  post- Ini  action) . 


T-2  Toxin 

Dosage 

N(n)* 

Periportal 

Protein 

%A 

Content  (A.U.iS 
Cantri lobular 

,D.)b 

«4 

Ethanol  Control 

12(150) 

81  ±  121 

J  ±  14 1 

At  7  days: 

0.60  ng/kg 

5(50) 

79  ±  ll1 

-2 

83  ±  ll1 

-  6 

0.75  ng/kg 

6(50) 

78  ±  121 

-4 

80  ±  11* 

-  9 

0.90  ag/kg 

5(50) 

79  ±  101 

-2 

79  ±  142 

-10 

At  14  days: 

0.75  ng/kg 

5(50) 

76  ±  10* 

-6 

87  ±  ll1 

-  2 

0.90  ng/kg 

5(50) 

81  ±  131 

0 

87  ±  131 

-  2 

At  28  days: 

0.60  ng/kg 

5(50) 

85  ±  ll1 

+5 

82  ±  9* 

-  7 

0.75  ng/kg 

5(50) 

81  ±  141 

0 

80  ±  ll2 

-  9 

0.90  ng/kg 

6(50) 

81  ±  101 

0 

82  ±  92 

-  7 

aN,  number  of  aninals  par  treatment  group;  n,  nutiber  of  individual  cell 

aeasureaants . 

bMean  ±  Standard  Deviation  in  Absorbancy  Units  (A.U.);  percentage 
change  relative  to  control  level  (%&);  values  with  different 
superscripts  are  significant  at  p  <  0.05,  Duncan's  multiple 
range  test  with  the  highest  value  designated  (1). 
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(a)  Dogg^dgBSBdSSS  cvtooathlc  alts rations 


All  T-2  dosages  (s.g.,  O.S,  0.7S,  l.C  and  1.5  agAg) 
elicited  histopathological  alterations  in  intestinal  tissue 
compartments  at  the  8  hr  post* injection  Interval,  with  the  severity  of 
lesion  formation  and  specific  cell  types  involved  depending  on  the 
dosage  administered.  With  a  sublathal  dose  of  0.3  ng/kg,  the 
predominsat  blstopathic  alterations  included  serosal  petechial 
hemorrhages ,  moderate  edema  of  the  aubmucosa  with  increaue  in  average 
extracellular  collagen  fiber  spacing  (measured  by  ocular  filar 
micrometry)  decreased  cytoplasmic  acldophillat  and  presence  of  pycnotic 
fibroblasts  snd  lymphocytes  within  the  lamina  propria  and  submucosa. 
Both  submucosal  and  adventitial  blood  vessels  exhibited  nuclear 
chromatin  condensation,  disruption  of  nuclear  membranes  and  nuclear 
vacuolization.  Chromatin  condensation  was  also  evidenced  in  cryptal 
epithelial  cells,  whereas  villus  anterocytes  appeared  normal  in 
appearance  as  did  the  smooth  muscle  cells  of  the  tunica  muscularls  and 
muscularls  mucosa.  Interestingly,  vascular  cytopathlc  nuclear 
alterations  appeared  to  primarily  Involve  arterial  components;  the 
integrity  of  veins  and  lymphatics  was  unaffected. 

With  a  higher  sub lethal  dosage  of  0.75  mg/kg  a  similar  but  more 
severe  pattern  of  vascular  and  epithelial  injury  was  evidenced  coupled 
with  a  marked  disruption  of  the  integrity  of  lympholdal  elements.  The 
incidence  of  serosal  hemorrhage  waa  increased;  both  crypt  and  villus 
epithelial  calls  exhibited  nuclear  chromatin  condansatlon,  karyorrhexis 
and  absence  of  mitotic  activity;  Paneth  cell  lysis  was  observed  in  some 
regions.  Submucosal  edema  was  more  extensive  with  infiltration  by 
lymphocytes  and  neutrophils.  Germinal  canters  of  Payers  patches 
exhibited  moderate  to  severe  necrosis  of  lymphocytic  elements  although 
cortical  lymphocytes  appeared  unaffected.  Again,  arterial  vessels  were 
more  distorted  with  pycnotic  nuclei  and  disrupted  endothelium  whereas 
lymphatic  and  venous  elesMnts  ware  normal.  Smooth  muscle  layers 
remained  normal. 

Lethal  dosages  of  T-2  toxin  (1.0  and  1.3  mg/ks)  effected  a  marked 
disruption  and  Injury  to  all  cellular  components  of  the  intestine 
Including  the  tunica  muscularls.  Massive,  generalized  edema  was 
evidenced  in  all  layers,  notably  in  the  lamina  propria  and  submucosa 
which  contained  high  concentrations  of  pycnotic  leucocytes  and  focal 
areas  of  necrosis.  Lysis  and  karyorrhexis  of  epithelial  calls  with 
cellular  debris  in  the  lumens  of  intestinal  crypts  was  evidenced;  villi 
were  hyperemic  and  Payers  patches  exhibited  both  central  necrosis  and 
also  pycnosis  in  outer  cortical  lymphocytes.  Nuclei  of  smooth  muscle 
calls  in  the  tunica  muscularls  were  swollen,  and  the  sarcoplasm 
exhibited  focal  areas  of  hyalinization  and  heterogeneity  of  staining. 
There  was  also  severe  serosal  hemorrhaging,  vascular  congestion,  and 
extensive  disruption  of  both  vascular  and  lymphatic  endothelial  calls. 
The  severity  of  edema,  extent  of  lympholdal  necrosis  and  related  cyto- 
pathic  changes  in  vascular,  epithelial  and  stromal  elements  ware 
generally  more  marked  in  the  1.5  mg/k®  treatment  group. 
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Time  dependant  alterations 


Similar  data  obtained  from  rats  inj acted  ip  with  a  1.5  mg/kg 
dot*  and  killad  aC  2  hr  intervals  over  a  2  to  12  hour  post-injection 
interval  revealed  that  irreversible  cytotoxic  effects  are  evidenced  in 
mucosal,  submucosal,  muscular  and  adventitial  compartments  as  early  as  2 
h  after  T-2  treatment.  For  example  at  2  h  post -inj action,  all  of  the 
rats  exhibited  serosal  hemorrhaging,  disruption  of  vascular  and 
lymphatic  endothelium,  necrosis  of  Payers  patches  and  both  nuclear  and 
cytoplasmic  manifestations  of  cellular  injury  in  stromal ,  epithelial  and 
smooth  muscle  cell  (SMC)  components.  Rats  killed  at  subsequent  time 
intervals  over  the  12  h  time  period  simply  revealed  a  more  massive 
generalized  edema,  progressive  destruction  of  all  tissue  components 
notably  the  lysis  and  denudation  of  epithelial  cells  in  both  crypts  and 
villi,  and  increased  numbers  of  cells  exhibiting  nuclear  degeneration 
(karyorrhexis  and  karyolysis) . 

Summary  of  major  findings 

The  overall  data  from  the  foregoing  subprojects  support 
the  existence  of  marked  differences  in  the  susceptibility  of  various 
intestinal  tissue  components  to  T-2  toxin- induced  injury.  Of  the  call 
types  examined,  a  ranking  of  cells  exhibiting  cycopathic  changes, 
arranged  in  decreasing  order  of  susceptibility  to  T-2  toxin,  is  as 
follows:  arterial  endothelium,  germinal  center  lymphocytes,  intestinal 
crypt  epithelium  and  villus  epithelium,  with  lymphatic  endothelium  and 
SMC  being  the  most  resistant  to  T-2  toxin  injury. 

3.  Adrenocortical  Responses 

Microscopic  analyses  of  adrenocortical  and  medullary  cells  of 
acute  T-2  toxin- treated  rats  revealed  no  nuclear  or  cytoplasmic  evidence 
of  cytotoxicity  in  any  of  the  cortical  zones  or  in  chromaffin  cells  of 
the  medulla. 

Cytophotometric  analysis  of  Feulgen-DNA  levels  also  indicated 
the  absence  of  any  T-2  toxin- Induced  nuclear  alterations  since  F-LNA 
levels  of  adrenocortical  and  medullary  cell  nuclei  remained  relatively 
constant  irrespective  of  the  dosage  administered  (Tables  17-20).  No 
marked  depletion  of  RNA  or  protein  was  evidenced  in  adrenals  of  T-2 
toxin- treated  groups;  instead,  ir.  several  instances,  notably  in  zona 
glomerulosa  (ZG)|  cells  and  medullary  cells,  Increases  in  RNA  and  were 
evidenced  in  the  higher  dosage  groups.  For  example,  in  ZG  cells  which 
synthesize  and  secrete  the  mineralocorticoid,  aldosterone,  all  T-2 
toxin- treated  groups  exhibited  an  increase  in  RNA  levels  whereas  protein 
levels  generally  remained  within  10%  of  control  values  (Table  20) . 
Adrenal  medullary  cells  also  exhibited  moderate  elevation  in  RNA  levels 
of  16%  and  19%  in  1.0  and  1.5  mg/kg  treatment  groups,  with  slight 
increase  (10%)  in  protein  levels  evidenced  following  a  1.0  mg/kg  dose. 

On  the  other  hand,  in  zona  fasciculataf  cells  which  synthesize 
glucocorticoids  such  as  corticosterone,  as  well  as  in  the  reticular 
zone,  both  RNA  and  protein  levels  remained  constant. 
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Tabla  17:  Cytocheaical  Responsas  of  the  Adrenal  Zona  Glomerulosa  in 
T-2  Toxin-Traatad  Rata 


Traataant* 

n*> 

KNAe 

A* 

Protain® 

A% 

F-DNA® 

Control 

120 

57±332 

79+115 

15±2’ 

0.50  ag/kg 

120 

701481 

+23 

70±11* 

-12 

14±2' 

0.75  mg/kg 

120 

7U481 

+25 

83±112 

+  5 

15121 

1.00  ag/kg 

120 

711381 

+25 

80±113 

+  1 

15121 

1.50  ag/kg 

120 

63±322 

+10 

874141 

+10 

15141 

*T2  wax  adainistarad  ip  in  abaoluCa  athanol.  All  rata  vara  killad  8  hr 
post-inj action. 

bn,  aquala  tha  rtuabar  of  individual  call  aaasuraaants  par  stain  par 
traataant  group  with  tha  axcaption  of  tha  Faulgan- DNA ( F- DNA) 
stainad  calls  which  wara  spot  chackad. 
cMean  ±  standard  daviation  in  absorbancy  units.  Valuas  with 
diffarant  suparscripts  ara  significantly  diffarant,  p  <  0.05 
using  Duncan's  nav  aultipla  rang#  tast.  Diffarant  stains  ara 
not  comparabla  to  ona  anothar. 
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Table  18 : 


Cytochemlcal  Responses  of  the  Adrenal  Zona  Fascleulata 
in  T-2  Toxin-Treated  Rata 


Treatment* 

nb 

SNA6 

Protein6 

A% 

F-DNA6 

Control 

120 

49121* 

72111'* 

1212’ 

0.50  mg/kg 

120 

50126* 

74111* 

+  3 

1312* 

0.75  mg/kg 

120 

51125* 

7618*  >* 

5 

1211* 

1.00  mg/kg 

120 

48121* 

79111* 

10 

1312* 

1.50  mg/kg 

120 

47119* 

741* •* 

1411’ 

*T2  was  administered  ip  in  abaolute  ethanol.  All  rats  were  killed  8  hr 
poet- injection. 

bn;  equals  the  number  of  individual  cell  measurements  per  stain  per 
treatment  group  with  the  exception  of  the  Feulgen-DNA  (F-DNA) 
stained  cells  which  were  spot  checked. 

cMean  ±  standard  deviation  in  absorbancy  units.  Values  with 
different  superscripts  are  significantly  different,  p  <  0.05 
using  Duncan's  new  multiple  range  test.  Different  stains  are 
not  comparable  to  one  another. 
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Tab  la  19:  Cytocheaical  Responses  of  tha  Adrenal  Zona  Reticularis 
in  T-2  Toxln-Traatad  Rats 


aT2  was  administered  ip  in  abaoluCa  achanol.  All  raca  vara  killad  8  hr 
poat-inj action. 

bn,  aquala  cha  number  of  individual  call  aaaauraaanca  par  stain  par 

traataant  group  with  tha  axcaption  of  tha  Faulgan-DNA  (F-DNA)  stained 
calls  which  ware  spot  checked. 

cMaan  ±  standard  deviation  in  absorbancy  units.  Values  with  different 
superscripts  are  significantly  different,  p  <  0.05  using  Duncan's 
new  multiple  range  test.  Different  stains  are  not  comparable  to 
ona  another. 
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Table  20:  Cvtochaalcal  Responses  of  tha  Adrenal  Medulla  in  T-2 
Toxin-Treated  Rata 


Treatment* 

n*> 

RNAC 

Protein® 

F-DNA® 

Control 

120 

32  ±  151 

60  ±  8* 

12.0  ±  22 

0.50  ag/kg 

120 

31  ±  142 

57  ±  51 

12.0  ±  22 

0.75  ag/kg 

120 

34  ±  171  -2 

35  ±  83 

12.0  ±  22 

1.00  ag/kg 

120 

37  ±  17* 

69  ±  101 

12.0  ±  l2 

1.50  ag/kg 

120 

28  ±  161 

63  ±  102 

14.0  ±  21 

aT2  waa  adainiatered  ip  in  abaolute  ethanol.  All  rata  were  killed  8  hr 
post- injection. 

bn,  equala  the  nunber  of  individual  call  measurements  per  atain  per 
treaaaant  group . 

cMean  1  atandard  deviation  in  abaorbancy  unita.  Valuea  with  different 
auperacripta  are  significantly  different,  p  <  0.05  uaing  Duncan's 
new  multiple  range  teat.  Different  staina  are  not  comparable  to 
one  another. 
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An  additional  aapact  of  work  entailed  examining  the  extent  Co 
which  T-2  toxin  alicita  a  stress  mediated  activation  of  tha  pituitary- 
adranocortical  axis  loading  to  incraaaad  circulating  lavala  of 
corticoatarona .  Baaad  on  data  praaantad  in  Tabla  21  it  ia  avidant  that 
aubiathal  doaaa  of  T-2  toxin  affact  a  dacraaaa  in  corticoatarona  lavala 
(ca.  40*),  wharaaa  with  lathal  doaagoa  of  1.0  to  l.S  ag/kg  honaona 
lavala  ara  unchangad  ralativa  to  control  valuaa  at  8  h  poat- injection. 
In  tha  time  dependant  study,  it  was  also  found  that  corticoatarona 
levels  ara  not  elevated  within  tha  2  to  8  h  time- frame  used  in  rats 
injected  with  l.S  mg/kg  i-P- 

4.  Nephrotoxic  Effects  of  T-2  Toxin 

Renal  tubular  nucleic -acid  protaln  responses  ware  also 
aonltorad  in  rata  at  8  h  following  single  injections  of  T-2  toxin 
(0.7S,  1.0,  l.S  or  6.0  ag/kg  ip);  an  additional  group  received  a  dose 
of  0.9  ag/kg  and  killed  7  d  later.  As  in  previous  subprojects, 
alterations  in  cytochaaical  aspects  of  aacroaoleeular  aetabolisa  ware 
correlated  with  cytoaorphological  changes  in  renal  coaponents  and 
cytopathic  responses  in  other  organ  systeaa  to  dataraine  whether  T-2 
toxin  poisoning  is  associated  with  direct  cytotoxic  effects  on  proxiaal 
renal  tubular  epithelial  cells. 

Microscopic  examination  of  H  &  E  stained  kidney  sections  revealed 
no  evidence  of  necrosis  nor  any  indication  of  incipient  nuclear  Injury 
(«. g. ,  pycnosis)  in  any  of  Che  T-2  toxin- treated  rats;  however, 
moderate  tubular  dilation  and  cytoplasaic  vacuolization  were  evidenced 
with  the  higher  T-2  toxin  dosages  (1;5  and  6.0  ag/kg). 

Cytocheaicel  studies  confirmed  the  absence  of  any  marked 
alterations  in  tha  physicochemical  state  of  chromatin  as  reflected  in 
the  observation  that  the  F-DNA  yield  of  proxiaal  tubular  nuclei  of  T-2 
toxin- treated  groups  remained  at  control  levels  (Tabla  22).  On  the 
ocher  hand,  a  dose -dependent  reduction  in  cellular  RNA  levels  was 
evidenced,  ranging  from  7*  with  a  0.7S  ag/kg  to  43*  with  a  6.0  ag/kg 
challenge  (Table  23);  RNA  contents  were  still  moderately  depressed 
(23%)  at  7  d  fallowing  a  0.9  ag/kg  dose.  Total  cellular  protein  levels 
generally  remained  at  control  levels  or  in  soae  instances  exhibited  a 
slight  (10-13%)  suppression  in  T-2  toxin- treated  rats  (Table  24). 

In  brief,  Che  overall  data  fail  to  support  the  existence  of 
direct  nephrotoxic  actions  of  T-2  toxin.  ' 

5 .  Lytapholdal  Responses  to  T-2  Toxin 

In  addition  to  analyses  of  lymphoidal  responses  in  tha 
laaina  propria  of  the  intestine  which  were  described  in  subsection  1, 
histologic  and  cytophotoaetric  analyses  of  nucleic  acid-protein 
responses  were  also  conducted  on  thymus  and  spleen  sections. 
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Table  21 :  Plasaa  Cortlcoata  rone  Uv»l«  in  T-2  Toxin- Exposed  Rata 


T-2  Toxin 

Treataent*  Corticosterone  Concentration0 

Control  6  2k  ±  2.42*3 


0.50  agAg 
0.75  agAg 

1.00  agAg 


1.50  agAg  6  25  ±  2. 


1.5  agAg 

2  hr 

6 

2 

?  ±  1.61  .2 

4  hr 

6 

3 

)  ±  3.31  .2 

6  hr 

6 

3 

5  ±  3.81 

8  hr 

6 

2 

5  ±  2.72.3 

Death 

2 

1 

7  t  1.5s  .* 

aT2  was  adainiatered  ip  in  absolute  ethanol.  In  the  dose 'dependent 
study,  rats  were  killed  8  hr  post- injection;  in  the  tine- dependent 
study,  rats  were  killed  at  2  h  intervals  as  Indicated. 

^n,  equals  the  nuaber  of  aniaals  within  saaple. 

cPlasaa  corticosterone  mean  ±  standard  error  in  Mg%-  Values  with 
different  superscripts  are  significantly  different,  p  <  0.05 
using  Duncan's  new  multiple  range  test. 
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Tab  la  22.  Proximal  Tubula  Call  Feulgen-DNA  (F-DNA)  Reactivity  in 
T-2  Toxin- Treated  Rats. - 


T-2  Toxin 

Treatment* 

S(n)b 

F-DNA  Reactivity* 

Control 

6(100) 

106  ±11’ 

0.75  mg/kg 

6(100) 

105  ±  ll1 

1.0  mg/kg 

6(100) 

102  ±  121 

1.5  mg/kg 

6(100) 

110  ±  121 

6.0  mg/kg 

6(100) 

110  ±  121 

0.9  mg/kg 

6(100) 

107  ±  ll1 

*All  animal*  wara  dacapiCaCad  vichouC  anasthasia  ac  8  h,  wich 
tha  excaption  of  tha  0.9  mg/kg  group  which  was  killed  at  7  d 
post- injection. 

bN,  number  of  animals  per  treatment  group;  n,  number  of  Individual 

call  measurements . 

cRaaction  product  formation  in  Absorbancy  Units  (A.U.)  ±  Standard 
Deviation.  Means  with  different  superscripts  are  significant, 
p  <  0.05,  Duncan's  multiple  range  test. 
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Table  23: 

Proximal  Tubule  Cell  Azure 

B-RNA  Content  in  T-2 

Toxin-Treated  Rats. 

T-2  Toxin 

Treatment* 

H(n)b 

RHA  Content6 

Control 

6(100) 

122  ±  251 

0.75  mgAf 

6(100) 

114  ±  16* 

1.0  mg/kg 

6(100) 

89  ±  22s 

1.5  mg/kg 

6(100) 

78  ±  18* 

6.0  mg/kg 

6(100) 

69  ±  14* 

0.9  mg/kg 

6(100) 

94  $  16* 

•Animal*  wars  killed  aC  8  h,  with  eh*  exception  of  eh*  0.9  mg/kg 
group  which  waa  decapitated  at  7  d  post -exposure. 

^N,  number  of  animals  per  group;  n,  number  of  individual  cell 

measurements . 

cProximal  tubule  call  azure  B-RNA  content  (Absorbancy  Units  i 
Standard  Deviation) .  Means  with  different  superscripts  are 
significant,  p  <  0.05,  Duncan's  multiple  rang*  test.  Means 
ranked  (1*5),  the  highest  designated  as  (1). 


Table  24:  Proximal  Tubula  Call  Marcuric  Bromophenol  Blue -Pro tain 
Content  In  T-2  Toxin-Treated  Rata. 


T-2  Toxin 

Treatment* 

N(n)b 

Protein  Content6 

Control 

6(100) 

124  ±23* 

0.75  mg/kg 

6(100) 

123  ±  23* 

1.0  ag/kg 

6(100) 

112  ±  15* 

1.5  ag/kg 

6(100) 

108  ±  12* 

6.0  mg/kg 

6(100) 

124  ±  121 

0.9  mg/kg  at  7  d 

6(100) 

126  ±  131 

‘Animal*  ware  sacrificed  at  8  h,  with  the  exception  of  the  0.9  ag/kg 
group  which  was  killed  at  7  d  post' injection. 

number  of  animals  par  group;  n,  number  of  Individual  cell 

me asur aments . 

cProxlmal  tubula  cell  protein  content  in  absorbancy  Units  (A.U.) 
i  Standard  Deviation.  Means  with  different  superscripts  are 
significant,  p  <  0.05,  Duncan's  multiple  range  test.  Means 
ranked  (1-2),  the  highest  designated  as  (1). 
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Although  these  analyses  arc  still  in  progress, 
preliminary  results  indiests  s  doss* dependent  increase  in  the  severity 
of  suppression  of  lyaphopoisis  in  splenic  tissue  but  not  in  thymic 
tissue  with  considerable  necrosis  evidenced  in  B- dependent  regions  of 
the  spleen  (e.g.,  sinusoids  of  the  red  pulp  and  aarginal  zone  of  the 
white  pulp) . 

6.  Discussion  and  Conclusions 


Extensive  evidence  supports  that  a  aajor  cellular 
aechaniaa  of  T-2  intoxication  is  an  inhibition  of  protein 
synthesis.  Xt  has  been  postulated  that  aost,  if  not  all,  of  the 
observed  cytopathic  actions  of  T-2  toxin  in  aultlple  tissue 
coapartaents ,  are  directly  related  to  T-2  toxin- induced  inhibition  of 
protein  and  nucleic  acid  synthesis  (1,2,17).  On  the  other  hand, 
specific  cytochealcal  events  which  precipitate  the  onset  of  lesion 
formation,  hemorrhaging  and  necrosis,  have  not  yet  been  identified. 

Thus,  the  focus  of  the  present  study  involved  the  use  oi  microscopic 
cytochealcal  probes  to  identify  specific  sites  of  injuvy  in  the  heart, 
brain  and  other  systaaic  organs  in  rats  following  acute  exposure  to 
sublathal  and  lethal  doses  of  T-2  toxin.  A  battery  of  cytochealcal  and 
aorphoaetrlc  indices  of  cytopathic  responses,  suppleaented  by 
blocheaical  analyses  where  deeaed  desirable  was  used  to  obtain  a  mors 
comprehensive  assessaent  of  cardiovascular,  neural  and  horaonal  systeaic 
interactions  associated  with  T-2  toxin  poisoning. 

Among  some  of  the  specific  contributions  of  the  overall  study 
include  the  following: 

(1)  Definitive  evidence  was  obtained  docuaentlng  that  the  heart 
constitutes  a  primary  target  site  of  T-2  toxin  action;  also  that 
endothelial  call  injury  in  the  endocardial  coapartaent  constitutes  the 
Initial  event  which  precipitates  subsequent  manifestations  of 
cardlotoxiclty. 

(2)  Supportive  evidence  was  also  obtained  which  indicates  that 
vascular  endothelial  injury  is  an  important  cytotoxic  event  in  tissues 
with  a  component  of  rapidly  dividing  cells  (e.g.,  gut,  lymphoid  and 
hemopoietic  tissues)  which  exhibit  th  aost  severe  alterations  following 
acuta  T-2  toxin  treataent. 

(3)  Although  acute  T-2  toxin  exposure  is  associated  with  an 
inhibition  of  RNA-protein  synthesis  in  brain  neurons,  hepatocytea  and 
renal  tubular  epithelial  cells,  the  absence  of  irreversible  cell  injury 
and  necrosis  indicates  these  tissue  compartments  do  not  constitute 
primary  or  major  target  sites  of  T-2  mycotoxin  action. 

(4)  Systemic  events  which  participate  in  exacerbating 
cardiotoxic,  vascular  and  enterotoxic  pathogenic  responses  include  a 
dose -dependant  elevation  in  plasma  histaaine  levels,  release  of 
vasoactive  autacoids  from  mast  calls  and  possibly  an  impairment  in 
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homeostatic  functioning  of  tho  hypo thalamo- pituitary- adrenocortical 
axis. 

(S)  Host  of  tha  data  relating  to  tha  pattern  of  chrotaatin,  RNA 
and  protein  responses  generally  support  the  tenet  that  at  tha  cellular 
level,  the  primary  node  of  action  of  T-2  toxin  is  an  inhibition  of 
protein  synthesis,  with  RNA  and  chromatin  changes  occurring 
secondarily.  On  the  other  hand,  tha  data  also  support  the  existence  of 
marked  differences  among  specific  cell  types  within  primary  and 
secondary  target  tiriue  compartments  in  their  susceptibility  to 
cytotoxic  actions  of  T-2  toxin. 

Brief  discussions  of  specific  findings  which  support  the  above 
conclusions  are  presented  below  with  respect  to  the  functional 
significance  of  observed  T-2  toxin- Induced  nucleic  acid  responses  in 
various  target  tissue  compartments. 

With  respect  to  cardiotoxlc  effects  of  T-2  toxin,  the  overall 
data  support  the  following  sequence  of  events  which  eventuate  in 
cardiopathy.  The  initial  site  of  injury  1s  a  disruption  and  damage  to 
endothelial  cells  which  in  vitro  studies  indicate  era  several  fold  more 
susceptible  to  Injury  than  smooth  muscle  cells.  It  is  likely  that  the 
resultant  increase  in  permeability  results  in  a  marked  influx  of  t-2 
toxin  end  ocher  plasma  constituahts  into  the  subendothelial 
compartment.  It  is  noteworthy  that  even  with  sublethal  dosages  (0.75 
<*S/kg)  chare  la  a  very  marked  protein  depletion  of  myocardial  cells. 
This  is  consistent  with  the  cellular  mode  of  action  of  T-2  toxin  aa  a 
potent  inhibitor  of  protein  synthesis.  The  observation  that  RNA 
depletion  and  suppression  of  chromatin  tempi  ~e  activity  (using  F-DNA 
yield  as  an  indicator  of  chromatin  compaction)  are  not  as  severe  as  the 
extent  of  protein  depletion  also  agrees  with  the  current  view  that  RNA 
and  nuclear  events  occur  secondarily  to  protein  inhibition.  In  any 
event,  the  overall  pattern  of  responses,  l.e.,  e  dose -dependent 
increase  in  the  severity  of  myocardial  edema  and  in  the  extent  of 
protein  and  RNA  inhibition  which  persists  for  7  days  after  a  single 
injection  of  T-2  toxin,  indicates  the  heart  constitutes  a  primary 
target  site  of  T-2  mycotoxln  action. 

With  respect  to  neurotoxic  effects  of  T-2  toxin,  neuronal  protein 
levels  were  suppressed  in  a  dose -dependant  fashion  within  tha  cerebral 
cortex  while  in  the  striatum  there  was  no  direct  correspondence  between 
protein  loss  and  T-2  toxin  dosage  at  8  h  post- injection.  Furthermore 
no  hemorrhages  or  areas  of  necrosis  were  evidenced,  and  neuronal  RNA 
levels  were  generally  maintained  at  or  near  control  levels.  On  the 
basis  of  these  findings  it  was  concluded  that  T-2  toxin  does  not  elicit 
direct  cytotoxic  actions  in  thesa  two  brain  regions.  It  is  likely  that 
neuronal  protein  depletion  is  attributable  to  systemic  effects  of  T-2 
toxin  leading  to  cardiovascular  insufficiency  and  hypoxemia.  It  is 
also  probable  chat  visceral  pooling  of  blood  would  reduce  the  net 
amount  of  T-2  toxin  reaching  the  brain  thereby  effectively  decreasing 
the  extent  of  injury  to  microvascular  elements.  In  fact,  it  has  been 
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suggested  that  overt  CHS  signs  of  trichothsesns  poisoning  such  as 
abnormal  EEC's,  coma  sad  hallucinations  probably  stsa  froa 
hypotension  (18).  Sines  oxygen  lack  reportedly  coaprlses  neuronal 
aacroaolecular  biosynthetic  activities  (19),  T-2  toxin* induced 
reductions  in  brain  BNA/protein  metabolism  are  probably  secondary 
manifestations  of  cardiovascular  insufficiency  end  hypoxeaia. 

Other  brain  regions,  however,  need  to  be  exaainsd  since  several 
reports  indicate  that  certain  brain  coapartaents  such  as  the 
hypothalaaus  and  associated  catecholialnarglc  CNS  coapartaents  aay 
be  aore  sensitive  to  direct  cytotoxic  actions  of  T-2  toxin  (20). 

It  is  noteworthy  in  this  regard  that  T-2  toxin  failed  to  elicit  an 
Increase  in  adrenocortical  activity,  whereas  aost  xenoblotlcs  and 
non-specific  stress  stiauli  typically  trigger  a  Barked  increase  in 
corticosterone  secretion.  The  absence  of  this  homonal  response 
could  staa  froa  an  iapairaent  in  hypo chal sale  functioning  since 
there  was  no  evidence  of  cellular  injury  in  adrenocortical  cells. 

Our  findings  relating  to  enterotoxic  effects  of  T-2 
toxin  generally  confira  reports  that  the  gut  represents  a  primary 
target  site  of  toxin  action.  The  observation  that  intestinal 
coapartaents  such  as  the  crypt,  epitheliua  and  gerainal  centers  of 
Foyer's  patches  are  aost  severely  affected  also  supports  current 
concepts  that  aitotlcally  active  cell  populetlons  are  aore 
susceptible  than  non-dividing  cells  to  T-2  toxin- Induced  injury. 

On  the  other  hand,  it  is  clear  that,  as  in  the  heart,  the  initial 
cytopathlc  event  is  endothelial  cell  Injury  in  both  serosal  and 
aucosal  regions  as  evidenced  by  a  disruption  of  endothelial  cell 
aeabranas,  pycnotlc  nuclei , . presence  of  adaaa  in  the  interstitlua 
and  petechial  haaorrhages  within  2  h  after  T-2  toxin  traataent. 

With  lethal  dosages  of  T-2  toxin,  all  cell  coaponents  within 
aucosal,  subaucosal  auscular  and  adventitial  layers  of  the 
intestine  exhibit  cytopathlc  alterations.  However,  based  on  the 
severity  of  lesions  with  sublethal  dosages  a  ranking  of 
differential  responsiveness  of  specific  cell  types  (arranged  in 
decreasing  levels  of  susceptibility)  is  as  follows:  arterial 
endothelial  cells,  B-  type  lyaphocytas  coaprlsing  gerainal 
centers,  crypt  epithelial  cells,  villus  epitheliua,  T-typa 
lyaphocytas,  fibroblasts,  saooth  auscle  calls,  lyaphatlc  and 
venous  endothelial  cells. 

Both  the  liver  and  kidney  of  T-2  toxin- treated  rats 
exhibited  moderate  extents  of  cellular  Injury.  However,  neither 
organ  exhibited  focal  areas  of  necrosis  or  hemorrhages  in 
parenchymal  or  stromal  compartments.  For  example,  hepatocytes  of 
liver  lobules  exhibited  some  reduction  in  basophilia,  but  only  a 
moderate  reduction  in  RNA  levels  and  no  depression  in  hepatocyte  protein 
content.  Similarly,  despite  a  moderate  suppression  in  renal  tubular  RNA 
levels,  protein  levels  remained  at  near-normal  levels  or  exhibited  a 
slight  (10-13%)  decrease  following  exposure  to  lethal  dosages.  In  both 
organs,  nuclei  of  parenchymal  cells  remained  euchromatic,  healthy  in 
appearance  with  no  indication  of  a  suppression  in  chromatin  template 


activity  (i.e. ,  lev  F-DNA  stalnability  or  chromatin  compaction).  -Thus, 
it  would  appear  that  tha  livar  and  kidnay,  which  rapraaant  tha  main 
organa  involved  in  detoxification  and  excretion  of  trichothecene 
myco toxins ,  era  not  primary  target  sites  of  T-2  toxicant  action.  It  is 
likely  that  cytopathic  changes  such  as  reduced  basophilia  occur  as  a 
consequence  of  systemic  responses,  e.g. ,  hypotension,  hypoxemia  and 
hypovolemia. 

No  morphological  or  cytochamical  manifestations  of 
cytotoxicity  vara  evidenced  in  adrenocortical  cells  of  T-2  toxin 
treated  rats.  It  is  well  documented  that  noxious  stimuli  and/or 
injections  of  xenobioties  typically  cause  an  activation  of  tha 
hypothalamic-adrenocortical  axis  and  a  release  of  corticosterone.  Such 
corticotropin  mediated  activation  of  the  adrenal  cortex  usually  results 
in  an  hypertrophy  of  inner  fasciculate  cells  reflecting  an  enhancement 
in  corticosterone  synthetic  capacity  and  vacuolixation  or  degranulation 
of  outer  fasciculate  cells  associated  with  corticosterone  release. 
Neither  of  thes^  cytologic  responses  were  evidenced  in  T-2  toxin 
' .isllenged  rats.  This  is  also  consistent  with  the  finding  that 
circulating  corticosterone  levels  were  maintained  at  normal  levels  or 
else  moderately  i depressed  with  sublethal  T-2  toxin  dosages.  We  believe 
the  absence  of  adrenocortical  activation  may  stem  from  a  T-2  toxin 
impairment  in  hypothalamic  functioning  since  there  was  no  histological 
evidence  of  a  disruption  of  microvascular  elements  of  the  adrenal  or 
indications  of  cytopethic  alterations  in  any  of  the  cortical  zones.  It 
is  noteworthy  that  zona  gloaarulosa  (ZG)  cells  whloh  synthesize  and 
release  aldosterone  were  hypertrophic  and  contained  elevated  RNA 
levels.  This  is  interpreted  as  reflecting  a  compensatory  hormonal 
activation  of  ZQ  cells  In  response  to  T-2  toxin- induced  hypovolemia  and 
hypotension.  Id  any  event,  it  is  clear  that  the  adrenal  cortex  does 
not  constitute  i.  primary  target  site  of  T-2  cytotoxicity,  at  least  with 
respect  to  a  directly  mediated  toxin  injury  to  adrenocortical  cell 
elements. 

Quantitative  data  were  also  obtained  which  Indicate  chat  an 
important  ear act  of  acute  T-2  toxin  poisoning  is  a  degranulation  of 
mesenteric  meat  cells  end  a  consequent  release  of  vasoactive  substances 
such  as  heparin J  histamine  and  serotonin.  Using  diminution  in 
metachromatic  staining  aa  an  index  of  the  severity  of  degranulatlon  it 
would  appear  at  first  that  sublethal  dosages  (0.5  and  0.75  ng/kg)  are 
more  afff active  1  than  lethal  dosages  in  eliciting  the  release  of 
autacoida.  A  more  plausible  explanation,  however,  is  that  with  lethal 
dosages  a  high  proportion  of  mast  cells  are  completely  degranulated  and 
not  identifiable  as  mast  cells  since  they  would  be  Indistinguishable 
.from  fibroblasts  using  metachromatic  stains.  Recent  studies  by  Yarom 
et  al.  (21)  have  implicated  massive  mast  cell  infiltration  into 
subendocardial  and  subpericardial  regions  in  the  pathogenesis  of 
ventricular  myocardial  fibrosis  following  chronic  T-2  toxin  poisoning. 
Thus,  it  would  appear  that  in  addition  to  direct  cytotoxic  injury  to 
endothelial  cells,  vascular  injury  stemming  from  autacold-mediated 
vasodilation  exacerbates  the  extent  of  vascular  congestion  and  proneness 
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to  hemorrhaging  in  various  targat  eisauaa.  Tha  raportad  prasanca 
of  vidaapraad  focal  hemorrhaging  affacting  nany  organa  including  tha 
lungs,  haart,  subarachnoid  vassals  lands  support  to  tha  baliaf  that  an 
anaphylactoid* typa  systoaic  rasponsa  is  a  critically  important  aspect  of 
the  pathophysiological  events  which  precipitate  cardiopulmonary  failure 
in  mycotoxin  poisoned  animals. 

Although  analyses  of  splenic  and  thymic  responses  in  acuta  T*2 
toxin  challenged  rats  are  still  in  progress,  preliminary  examination  of 
differentially  stained  sections  have  yielded  a  number  of  Interesting 
results  of  particular  relevance  to  the  specific  nature  of  T-2 
toxin* induced  immunosuppression.  First,  it  was  observed  that  the  extent 
and  severity  of  lesion  formation  is  much  more  extensive  in  the  spleen 
than  in  the  thymus.  Second,  lymphocytoxic  alterations  in  the  spleen 
appear  to  primarily  involve  the  red  pulp  and  outer  marginal  zone  of  the 
white  pulp  region.  Recent  studies  have  shown  that  there  is  a 
topographical  and  functional  zonation  of  lymphoidal  tissue  in  the  spleen 
with  some  areas  containing  predominantly  S*type  lymphocytes  (red  pulp) 
and  other  areas  with  T- lymphocytes  (inner  regions  of  white  pulp 
stirrounding  the  pulp  artery) .  The  designation  of  B  or  T  cells  refers  to 
the  maturation  of  certain  lymphocytes  in  either  the  marrow  or  thymus 
where  they  acquire  to  the  potential  to  form  antibodies  or  cytotoxic 
lymphocytes,  respectively.  Thus,  our  data  indicate  that  Independent 
spleen  regions  involved  in  mediating  humoral  (antibody)  defense 
mechanisms  are  more  severely  affected  by  acute  T-2  toxin  poisoning  than 
T-dependent  regions.  Interestingly,  there  was  no  marked  involution  or 
cell  destruction  evidenced  in  either  cortical  or  medullary  thymic 
compartments  in  T-2  toxin  treated  rats.  Perhaps  the  existence  of  a 
blood* thymic  barrier  (which  consists  of  a  sheath  of  reticuloendothelial 
cells  surrounding  cortical  capillaries)  exerts  a  protective  action  in 
cortical  regions.  In  any  tvent,  it  is  clear  that  during  the  acute  phase 
of  T-2  toxin  poisoning,  lymphoidal  compartments  primarily  involved  in 
mediating  humoral  (antigen* antibody)  defense  mechanisms  are  more 
severely  compromised  than  tha  lymphocytic  elements  involved  in  call* 
mediated  cytotoxic  or  phagocytic  immune  responses.. 

In  summary,  an  overview  of  observed  tissue  response  patterns 
during  acuta  T-2  toxin  poisoning  supports  the  following  sequence  of 
events  which  eventuates  in  lesion  formation. 

(1)  Initially,  T-2  toxin  causes  a  disruption  of  the  arterial- 
vascular  endothelium  resulting  in  a  marked  influx  of  plasma  including 
toxin  into  the  subendothelial  interstitium. 

(2)  Concurrently,  there  is  a  marked  widespread  release  of 
vasoactive  substances  into  interstitial  compartments  which  intensifies 
the  extent  of  microvascular  and  vascular  permeability  changes.  This  is 
probably  mediated  via  a  direct  T-2  toxin  disruption  of  the  plasma 
membrane  of  not  only  mast  cells,  but  also  of  specialized  intestinal 
epithelial  cells  (e.g.,  Paneth  cells)  resulting  in  a  release  of  heparin, 
histamine,  serotonin  and  related  autacoids. 
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(3)  The  major  nlr«s  «f  degenerative  cellular  changes  and  necrosis  which 
occur  subsequent  to  vascular  congestion  and  edeaa  are  the  germinal  centers  of 
Peyers  patches  presumed  to  contain  proliferating  B-lymphocytes  and  crypts l 
epithelial  calls  of  the  Intestine.  This  agrees  "i.h  expectations  since 
tissues  with  a  high  component  of  dividing  cells  reportedly  are  most  prone  to 
T-2  toxin- induced  injury. 

(4)  Especially  with  near- lethal  or  lethal  dosages  focal,  widespread 
hemorrhages  are  evidenced  in  many  organs  including  the  lungs,  intestines  and 
heart.  Several  factors  probably  contrlbuta  to  the  lowered  susceptibility  of 
some  organs  and  tissues  to  T-2  toxin-induced  cytotoxicity.  For  example,  low 
hemodynamic  forces  and  lower  susceptibility  to  toxin- induced  Injury  of  venous 
and  lymphatic  channels  could  explain  the  absence  of  marked  hepatotoxic 
effects  since  liver  parenchymal  cells  are  bathed  in  an  extensive  matrix  of 
sinusoids.  Also  in  some  organs  such  as  the  thymus,  a  blood- thymic  barrier 
probably  limits  the  extent  of  T-2  toxin  diffusion  from  capillaries  to 
adjacent  lymphocytic  coa^srtments . 

(5)  With  respect  to  the  cellular  mode  of  action  of  T-2  toxin,  in  moat 

of  the  target  sites  Inhibition  of  protein  synthesis  appears  to  be  the  primary 
mechanism  of  cellular  Injury,  since  protein  depletion  is  more  severe  and 
precedes  suppression  of  &NA  synthesis  and/or  inhibition  of  chromatin  template 
activity.  However,  the  cytotoxic  effects  of  T-2  toxin  on  mast  calls  and 
arterial  endothelial  calls  probably  stem  from  a  direct  injury  to  the  plasma 
membrane. 

(6)  During  the  acuta  phase  of  T-2  toxin  poisoning,  immunotoxic  effects 
appear  to  largely  involve  the  suppression  of  humoral ly  mediated  defense 
mechanisms  since  the  onset  of  lesion  formation  is  first  evidenced  in 

B- dependant  lymphatic  compartment. 
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GLOSSARY 


acldophilia  -  cytoplasaic  Affinity  for  acid  dyes. 

A.P.  -  absorbancy  unit* .  Tha  total  aaount  of  absorbing  material 
(chromophora)  in  a  nucleus  or  call  is  generally  expressed  in 
arbitrary  photoaetric  units  and  is  a  function  of  the  extinction 
(optical  density) ,  the  measured  speciaen  area  and  the  extinction 
coefficient  of  the  dye  used  (see  Bouger-Beer  law  of  photoaetry) . 

autacoida  -  a  functional  tern  applied  to  class  of  diverse  chealcals 

produced  by  cells  which  act  as  vasoactive  aediators  or  infl amatory 
agents;  examples  include:  histaaine,  serotonin,  prostaglandins, 
laukotrlenas  and  catacholaainea . 

azure  B-RNA  -  eoaplex  of  ribonucleic  acid  stained  with  the  basic, 

thiazine  dye,  azure  B  (C.I.  52010,  Allied  Chea.  Corp.).  Since  azure 
B  binds  to  both  DMA  and  RNA,  total  cellular  SNA  is  measured 
cy topho tone tr leal ly  after  the  DMA  is  enzymatically  removed  by 
pretreataent  of  tissue  sections  with  DNase  prior  to  azure  B  staining. 

azuronhllia  -  nuclear  end  cytoplasaic  affinity  for  azure  B.  Since 

nuclear  azure  B  staining  in  non* dividing  cell  populations  remains 
relatively  constant  and  ribonucleoprotein  is  predominantly 
responsible  for  cytoplasaic  azure  B  dye  uptake,  cytophotoaetrlc 
aeaxures  of  the  Intensity  cf  azurophilic  staining  can  serve  as 
presumptive  Indicators  of  RNA  alterations  within  tissue  compartments. 

BAEC  -  bovine  aortic  endothelial  cells 

basophilia  -  nuclear  and  cytoplasaic  affinity  for  basic  dyes.  The 
substance  largely  responsible  for  basophilic  staining  in  the 
cytoplasa  is  ribonucleoprotein. 

Bouger-Beer  law  of  photoaetry  -  represents  the  basis  for  quantification 
in  cytophotoaetry  as  in  absorption  colorimetry  and  is  expressed  as 
follows:  A  -  E  -  O.D.  -  log  (I0/Is)  -  -log  T  -  kMa  -  kcl,  where  is 
the  absorbancy  (also  referred  to  as  extinction,  E;  or  optical 
density,  O.D.);  I0  is  the  intensity  of  light  after  passing  through 
the  absorbing  speciaen;  T  is  the  transmission;  k  is  the  specific 
absorbancy  of  extinction  coefficient  of  the  chromophora  (i.e.,  the 
azure  B-RNA  or  F-DNA  dye  complex)  at  the  defined  wavelength;  M  is 
the  mass  of  the  chromophora  in  the  measured  field;  a  is  the  area  of 
the  measured  cell  or  nucleus;  c  is  the  concentration  of  the 
chromophora;  and  1  is  the  path  length  (i.e.,  section  thickness) 
through  the  chromophora.  In  tissue  sections,  the  relative  amount  of 
absorbing  material  (M)  is  determined  from  the  product  of  the 
extinction  and  cellular  or  nuclear  area,  i.e.,  M  -  Ea  and  is 
conventially  expressed  in  integrated  absorbancy  units  (A.U.). 
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V-  » 


In  scanning  aschods,  ths  incidsnC  light  beam  is  a  vary  small  spot  of 
light  which  is  moved  over  ths  antira  delimited  ragion  in  a  raatar 
(flying-spot)  pat tarn;  within  prasat  liaits  of  tha  travarsa,  aach  light 
absorbing  spot  within  an  incremental  araa  of  tha  call  or  nuclaus  is 
succassivaly  measured  and  intagratad. 

bromophenol  blua-protaln  -  rafars  to  tha  uaa  of  mercuric  broaophanol  staining 
in  tha  assay  of  protain  contant  sine a  this  dya  has  an  affinity  for  basic 
protains  and  paptidas  that  are  not  reaoved  during  tissue  processing. 

chroaatln  dispersion  -  refers  to  early  changes  in  tha  physicocheaical  state 
of  chroaatin  which  prasuaably  reflect  tha  transforaation  of  inactive 
chromatin  segments  into  active  taaplatas  for  RNA  synthesis.  Aaong  tha 
changes  in  tha  daoxyribonuclaoprotain  (DNP)  complex  which  reflect  such 
activation  include:  increased  susceptibility  of  chroaatin  to  F-DNA  acid 
hydrolysis,  increased  affinity  of  nuclear  DNP  for  basic  fluorescent  dyes 
such  as  acridine  orange  and  ethidiua  broaida  and  increase  in  nuclear 
volume .  Since  such  changes  precede  SNA  and  protein  synthesis,  such  DNP 
alterations  reflect  changes  at  the  transcriptional  level  of  cellular 
functioning. 

chromophore  -  group  of  atoms  in  dye  molecule  responsible  for  the  colored 

properties  of  the  dye,  l.e.,  the  azo  quinold  benzene  ring  in  acid  fuchsln 
or  methyl  violet.  Tha  terms  ‘acid"  or  "basic"  whan  applied  to  dyes  do 
not  refer  to  the  hydrogen  ion  concentration  but  on  whether  a  significant  . 
part  of  the  dye  is  cationic  (basic  dye)  or  anionic  (acid  dye). 

CNS  -  central  nervous  system. 

compact  or  condensed  chroaatin  •  refers  to  those  segments  of  chromosomes  that 
are  tightly  coiled  in  the  interphase  nucleus;  they  are  visible  as  more 
densely  stained  chromatin  particles  using  basic  dyes;  such  nuclei  are 
frequently  designated  as  "hetsrochromatic"  by  cytolcglsta  although  the 
term  hetarochroaatin  has  certain  connotations  to  cytogeneticists  which 
make  the  use  of  the  prefixes  hetero-  and  eu-  less  suitable  for  describing 
chromatin  stainabllity  or  its  appearance  (see  dispersed  chroaatin, 
chroaatin  activation) . 

Cooaassie  brilliant  blue  •  stain  used  in  spectrophotoaetrlc  assay  of  cellular 
protein. 

evtopho  tome  try  •  (see  microapectrophotometry  and  Bouger-Beer  law  of 
photometry) . 

DNA  -  deoxyribonucleic  acid 

DNase  -  deoxyribonuclease,  a  purified  enzyme  available  commercially  and  used 
for  preparing  control  slides  in  analyses  of  F-DNA  content,  Feulgen  acid 
hydrolyzability  of  chromatin  and  in  cytophotoaetric  analysis  of  RNA. 

DNP  •  deoxyribonucleoprotein  complex  consisting  of  DNA,  histones  and  other 
proteins  comprising  chroaatin. 
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F-DNA  (Feulgen-DNA)  content  -  designates  the  mui  level  of  nuclear  DNA 
Muurid  cytophotometrically  using  the  Foulgon  reaction. 

Diploid  DNA  levels  in  nondividing  colls  ore  conventionslly 
dosignscad  as  con coining  2C  levels  of  DNA  where  C  represents 
the  haploid  (gem  cell)  content.  Proliferating  cell 
populations  in  the  synthsis  (S)  or  postduplication  (G2) 

Interphase  stages  of  the  mitotic  cycle  contain  intenaediate 
(3C)  and  tetraploid  (4C)  contents  of  F-  DNA.  Slight  departures 
from  normalcy  in  the  mean  F-DNA  level  of  2C  cells  are 
attributable  to  alterations  in  the  susceptibility  of  chromatin 
to  acid  hydrolysis  and  hence  F-DNA  staining. 

Foulgon- DNA  reactivity  (F-DNA  yield)  -  refers  to  the  susceptibility 
of  nuclear  chromatin  Co  acid  hydrolysis;  nuclei  of 
metabolically  inactive  cells  are  generally  more  resistant  to 
acid  drolysis  and  exhibit  a  reduced  intensity  of  Feulgen 
staining  compared  to  'active'  cells;  hence,  shifts  in  the 
relative  abundance  of  active  to  inactive  cells  leads  to  a 
skewness  in  the  F-DNA  frequency  distribution  profile  of  a 
population  of  nuclei  (see  chromatin  dispersion,  Feulgen 
reaction) . 

Feulgen  reaction  -  reaction  between  colorless  leucofuchsin 

(leuco-Schiff  Reagent,  C.l.  42500,  Fisher)  and  aldehydes  in 
daoxyribose  which  results  in  the  formation  of  basic  fuchsin 
(magenta  or  purple-blue  color).  Thus,  tissue  specimens  are 
first  hydrolyzed  by  HC1  to  free  aldehyde  groups  of  the  pentose 
sugar  of  DNA  and  subsequently  treated  with  leucofuchsin.  DNA 
is  Feulgen  positive  (magenta  coloration) ;  RNA  is  Feulgen 
negative . 

interferometry  •  refers  to  the  use  of  specially  designed  analytical 
interference  microscopes  such  as  the  Mach-Zahnder  Laitz 
interferometer  to  obtain  precise  measurements  of  section 
thickness  within  an  accuracy  of  0.02  n*  or  the  mass  of 
specified  organic  constituents  within  individual  cells  with  a 
measuring  accuracy  of  10’1*  g,  i.e.,  0.01  plcogrsms 

ip  •  refers  to  lntraperitonaal  Injections. 

LD«n  -  lethal  dose  fifty  percent;  refers  to  a  specific  dosage  of  a 
substance  or  toxin  which  kills  fifty  percent  of  the  test 
organisms  within  a  specified  time  period,  i.e.,  24  h,  48  h  or 
96  h. 

aetachroaasia  (syn.  metachromasy)  -  refers  to  ability  of  certain 
basic  (cationic)  dyes  such  as  azure  8,  toluidine  blue  and 
methylene  blue,  to  stain  certain  tissue  components  with  a 
different  color  from  that  of  the  original  dye  solution.  Thus, 
aast  cell  granules  are  colored  red-purple  with  azure  B 
(aetachromatic  staining)  whereas  surrounding  tissua  elements 
are  colored  blue  (orthochronatic) . 
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alcrodansltoisery  (alcrospactrophotoaatry)  -  application  of  apactroacopic 
aathoda  for  tha  quantitativa  analysis  of  chaaical  conatituanta  in 
tissue  ealla.  Synonyaa  uaad  includa:  cytophotometry , 
aicrophotoaetry  and  analytical  aicroacopic  cytochaaiatry  or 
hiatochamiatry . 

pyronin  Y  -  a  fluoraacant  stain  which  can  ba  uaad  for  quantification  of 
RNA. 


RNA  -  ribonuclaic  acid. 

RNasa  -  ribonuclaaaa,  a  purifiad  enzyae  which  ia  coaaarcially  available 
and  uaad  for  preparing  control  alidaa  in  RKA  analysia. 

SMC  -  saooth  auacla  cella. 

T-2  toxin  -  [3-d-hydroxy-4-4,  15-diacatoxy-8-a- (3-aathylbutyryloxy) -12 , 
13  epoxytrichothac-9-enj  -  a  highly  toxic  aetabolita  or  mycotoxin 
produced  by  Fuaariua  poaa,  F.  aporotrichioidaa  and  F.  tricinctua. 

zona  faaciculata  (ZF)  calls  -  glandular  apithalial  calls  of  Biddle  of 

adrenal  cortex  which  synthesize  and  secrete  glucocorticoids  such  as 
corticosterone;  under  tha  influence  of  anterior  pituitary 
adrenocorticotropin. 

zona  xloaaruloaa  (ZG)  calls  -  out a most  zona  of  adrenal  cortex  and  site 
of  synthesis  and  secretion  of  tha  aineralocorticoid,  aldosterone; 
regulation  of  aldosterone  secretion  ia  priaarily  via  the 
renin* angiotensin  systea  and  potassiua  concentration  in  response  to 
hypovolaaia  and  decrease  in  blood  pressure. 
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